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FOREWORD

This report 1s designed to provide a se! of ten+tatrive
operating instructions for use by Corps of Engineers personnel who
may be required to employ Shoran-controlled photography in fulfill.-
ing current mapping assignments. The wording and layout have been
written in the general form of a training manual so as to facili-
tate 1ts later publication. The present volume is complete and
therefore supersedes ERDL Report 1055, Tentative Operating Instruc-
tions for Shoran Photogrammetric Mapping, which was designed for
the same purpose but which coatained only *he first four chapters.
Repoxsf’t 1055 should now be destroyed irn accordance with paragraph 33,
AR 380-5.

The Shoran proJject was authorized by a lst indorsement
from the Chief of Engineers +o the Engineer Research and Development
Laboratories (Engineer Board), dated 18 October 1946, subject:
Transmittal of Engineer Board Report No. 987, Second Interim Report,
Application of Shoran to Mapping (Work Order DMP 3409, MPS 673).

This material has been coordirated with the U. S. Air
Force, the Army Map Service, and the Engineer School, and has been
informally reviewed by personnel of the U, S. Coast and Geodetic
Survey. All information appears to be as nearly correct as can be
determined at this stage of the developmen* of Shoran equipment and
methods. However, should any errors, omissions, or needed revisions
be noted during the use of these instructions, it is requested that
comments be furnished 7o the Engineer Research and Development
Laboratories so +that necessary changes can be disseminated to all
concerned .




Forwarded by:

GILBERT G.
Chief, Photogrammetric

Approved 15 May 1950 by:

WILL C. CIDE

Chief, Topographic Engineering
Department
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Sutmitted bys

M. ﬁ% =

Chief, Shoran Bectlon
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RESTRICTED 3

SHORAN PHOTOGRAMMETRIC MAPPING INSTRUCTIONS

CEAPTER I
GENERAL

l. SubJect and Purpose. This set of instructions 1s intended
as a guide for use in the preparation of maps by photogrammetric
methods from Shoran-contrclied aerial photcgraphs. In general, the
procedures vary from existing standard photogrammetric procedures
oniy in so far as is necessary to apply this new type of horizontal
control. The Shoran system measures the dlstance between an air-
borne set and & ground transponder. In the photographic applica-
tion, the distances from the alrcraft to ground stations placed at
each end of a base line of known length are recorded at the instant
of each asrial exposure. Shoran readings are first reduced to
corresponding ground lengths, and the triangle then is solved for
position of the photo plumb point.

2. Scope. These iInstructions contain the detailed informa-
tion required in Corps of Engineers planning for Shoran-controlled
aerial photographic missions and irn using Shoran control in photo-
grammetric mapping. Also included, in order to provide a complete
picture of Shoran technique, is a gemeral dlscussion of Shoran
principles, equipment , and alrborne operating procedures. Inasmuch
as Shoran control is auitable for original mapping, the instructions
are concerned primarily with multiplex procedures. However, the
use of Shoran with slotted templet and mosaic methods is covered
sufficlently to permit employment of these mapping expedients when
the occasion warrants. Detalled procedures required in determining
distance between grourd stations by Shorsn messurements or in the
ad Justment of Shoran triangulation are not included. Knowledge of
the material contalned in eristing manuals on map reasding, topo-
graphic drafting, and photogrammetric mapping is presupposed.

3. Revisions to the Imstructions. Aithough mapping with
Shoran controi is now feasible, the procedures herein outlined must
be considered tentative since both the equipment and the mapping
procedures are in the developmental atage. Present studles glve
every indicatlion that accuracy and operating efficiency will be
further Imprcved as modifications and tests now in progress are
consummated. New equipment and revised airborne procedures will
requlre parallel changes in the mapping application if maximum uti-
lization of the method !s to be realized. Revisions will, therefore,
be furnished from time to time as modified mapping procedures are
developed..
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4. Development. The term Shoran is a contraction of the
phrase SHOrt RAnge Navigation. Although its tactical employment
was greatly delayed, Shoran was one of the first radar systems to
be developed durlng World War II. In fact, the initial Shoran idea
was conceived in 1938 by the Radio Corporation of America. The
firat developmental model was delivered in February 1942 umder con-
tract with the Ammy Air Forces Alrcraft Radio Laboratory and tested
for use in navigating the bomb run and indicating release points
for bombardment alrcraft. Although the filght tests were highly
satisfactory, quentity procurement was delayed since this country
was then newly engaged in war and impetus had to be directed toward
the development and procurement of basic essentials with which to
equip a rapldly expanding Army. Finally, in the latter part of
194k, Shoran was put into tactical use for bombing vital pin-point
targets in northern Italy. In rapid succession, targets that had
been near misses by visual bombing methods were destroyed with the
ald of Shoran. Further losses of alrplanes and crews resulting
from enemy action were sharply reduced because missions could be
scheduled at night or during overcast conditions. Its extensive
use was planned; but by the time the equipment could be made
available in sufficlent quantity, and persomnel could be trained in
its tactical employmen®, the European war was nearly over and tar-
gots were practically non-existent. Extensive plans were also made
for the employment of Shoran in the war agalnst Japan, but again
the war ended before the plans could be put into effect.

The desirability of adapting this distance measuring in-
strument to mapping operations was apparent from the start. At the
earliest opportunity tests to determine accuracy and proper mapping
procedures for use with Shoran control were begun. Use of the sys-
tem, both for triangulation and for controlling aerial photography,
was investigated. Testing started in January 194k and is still con-
tinuing. A recording camera designed to produce exposures synchro-
nized with those of the aerial camera was developed so that the
Shoran coordinates of each aerial exposure could be determined.
Bombardment equipment was, and still is, used for the mapping work,
although modifications have been made from time to time as methods
of improving accuracy were revealed. Airborne and office procedures
were designed to be employed with bombardment equipment in order
that the system could be put to immediate productive use. Several
design features, however, somewhat complicate lts use in obtaining
mapping control, and for this reason research is being continued.
New equipment designed especially for Shoran mapping is also being
developed, but several years will be required for its procurement,
testing, and standardization.

5. Limitations of Present System. The Shoran system now in
use will produce plenimetric maps approaching peacetime standards
of accuracy for 1:50,000 scale. Several factors affecting accuracy
and operating simplicity, however, need further study. The effects
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of meteorological conditions on radic wave propagation are still to
be clarified, since the reduction from distance alorng the Shoran
ray path to an equivalen® distance on the earth's surface requires
a knowledge of the true wave path. While the formulas presented in
this manual give fairly reliable. results, continuing studies may
reveal desirable changes. Further study i1s also required o evalu-
ate and correct for varia*ions in the Shoran distance readings in-
troduced by variations In strength of the radio signals. 'Although
the primary effect of this "intensity error” is of a systematic
nature, it may also introduce random errors into the finished map.

Another source of error reswits from the inability of the

alrborne operator to cbtain perfect "pir" alirement at the instant
of each aerlal exposure. This adjustment, which is done manually,
must be performed continuously during the photographic mission.
The operation 18 a tiring ome, especially at photographic altitudes,
and undoubtedly introduces random errors in *the finished map. Pres-
ent equipment provides no methods for determining or compensating for
the errors thus introduced.

Futwre design changes and modifications in equipment or
mepping procedures may cause some of the descriptions or methods
herein outlined to become obsolete. The inghtructions will be re-
vised from time to time, but minor chenges will not warrant immedi-
ate republication; therefore, it should be borne in mind that some
descriptions of procedures snd eguipment may nct agree exactly with
those encountered in the field. Fcr example, the basic information
required for determining distance wilil appear on the film from all
Shoran recordsers but auxiliary irnstrments such as the clock or the
thermometer may be replaced by other ingtruments.

6. Responsibility. The Corps of Etgineers are responsible
for the specificatlons for Shorar-cortrolied mapping photography
and the productlon of the ccmple*ted photogrammetrir map. They are
algo respongible for Indicahting the desired approximste locations
of ground station sites with regard to exlsting ground control sys-
tems and for performing the comprehensive survey work necessary to
strengthen, tle, and adjust Shorar contrecl. The Alr Force 1s re-
sponsible for the field selection of Shoran ground atation sites
and for the instaliation, mairtenarce, and operation of both air-
borne and related ground Shoran equimment. The Air Force is also
responaible for initiaily locating and permanentiy referencing
Shoran ground stations, for determining meteorclogical corrections
and calibration constants, and for performing the fleld computations
necessary ln assuring conformance cf Shorsn data Lo the requirements
of general specificzations furnished ©y the usirng agency. The Corps
of Englneers 1s rssponsibie for the final ad justment and analysis
of completed control networks resulsvirg from Shorar trisngulation by
the line-croasing metlhod.




7. Application. Shoran equipment is usable for obtaining
photo control . for flight line navigation, triangulation, hydro-
graphlc surveying, and possibly for other distance measuring opersa-
tions. Shoran-controlled photograpluy can be applied either to
multiplex or to slotted templet mapping. It also is suitable for
determining over-all scale and position of otherwise uncontrolled
mosaics and for preparing both semi-controlled and controlled
nmosalics.

The ability of the system to guide the photographic air-
craft along a predetermined flight line is of great 1mportance in
photogrammetric mapping. In fact, this application often warrants
the use of Shoran even in areas where existing ground control ob-
viates the need for controlled photography. Many man-hours are
logt if mapping projects are held up waiting for reflights or if
the photography contains excessive or insufficlent lateral overlap.
Shoran flight line navigation permits flying with minimum side lap
and assures obtaining a maximum area of gapless coverage at the
first fine weather opportunity. In the few instances in which re-
flights become necessary, the system provides a positive method of
quickly obtaining the necessary additional coverage.

In Shoran triangulation, ground station sites are selected
at the corners of appropriate figures and all sides and diagonals
meagured by flylng the airborne se* across the lines. The network
then is adjusted and the gpodetic positions are established by a
leagt -squares procedure somewhat similar to that used for normal
triangulation with measured angles. For hydrographic surveylng,
the Shoran sirborne set is installed on a survey ship and used to
indicate position at the instant of each depth sounding. The U. S.
" Coast and Geodetic Survey is presently using this system in the
preparation of hydrographic charts.

Only the applications of Shoran in obtaining photo control
and in flight line navigation are of primary concern in this set of
ingtructions.

8. Types of Shoran-controlled Photography. Shoran-controlled
photography 1s applicable to photogrammetric mapping projects in
areas where horizontal control is unavailable, or where the time
required for establishing control of greater accuracy by ordinary
ground methods is unwarranted. In most mapping assigments, groumd
gtations can be tied to existing triangulation networks so that the
finished map can be positioned with respect to the paralleis and
meridians. Where military neceasity requires, however, maps posi-
tioned only with respect to two unsurveyed ground statlons may be
produced. In this method, ground stations having the proper geo-
metric and range relationship to the ummapped: area are selected in
any convenient location and the distance between them is determined

-__'




by flying the airborne set across ibe line joining the stations.
Shoran photography is then flown in the normal manner. The result-
ing map will have good internal accuracy although its absolute posi-
tioning will have *o awailt geodetic tles either to the ground sta-
tiona or to 1den*ifiable points within the map itself. Astronomic
observations at both ground statlons may, of course, be used for
absolute position, but because of inherert inaccuracies of astro-
nomic positions, considerable error may be in*roduced.

With present Shoran equipment, maxlmmm map accuracy re-
quires distance readings corresponding to each aerial exposure in
the area being mapped. In other words, the aerial operations con-
sist of nomal overlapping coverage with accomparying Shoran re-
cordings. Fully controlled photography of this type is *ermed
Shoran "area coverage photography."

Ancrher type of photo control involves the use of Shoran-
controlied photographi: strips In conjunction with existing uncon-
trolled mapping coverage. The control strips are flown at right
angles to the existing photography and at intervals of approximately
each six exposures along it. In this manner, they serve to replace
the ground traverse lines that normally wouid be required at about
thls same spacing. Horizontal pass points for  ontrol of the map-
ping coverage are established after the cross flights have been
scaled to the Shoran control. Thils type photography is called
Shoran "cross flight photography." The scaling of +he control
strips to the Shoran positions and the establishment of the neces-
sary pass polnts may be accomplished either by multiplex or by
slotted templet methods. This flight pattern wiil not produce
final map accuracies equal to those attainable with area coverage
phctography but considerable Shoran flying time is saved in areas
in which exisiing mspping coverage is avallable. As Shoran accu-
racy is further Improved, cross flight photography may become in-
creasingly more lmportant.

For recommailssance mapping at scales of 13250,000 and
smaller, Shoran "control point photography”™ can be used. Hers,
Shoran-controlled exposures are used to pin-point identifiable
points at Intervals of thirty to fifty miies throughout the area
under consideration. Ground positions determined from these photos
then can be used in the preparation of small-scale maps by tri-
metrogon or other reconnalissance type mapping methods.

9. Shoran Flight Line Navigation. A “straight line indi-
cator" for attachment to the alrborne set is standard Air Force
oequipment and is issued to Shoran phctographic unlts. This auxil-
lary Instrument permits flight line navigation along straight lines
that are referenced only to the ground stations, and is proving to
be extremsly valuable for work in areas where good flight maps are
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unavailable. Where Shoran 1s used for photo control, the straight
line Indicator normmally will be used for navigation. Flight lines
preferably are laid out parallel to the line comnecting the growmd
stations. However, the only restriction as to orientation is that
the flight linss or their extensions must clear the ground positions
by at least 30 miles.

If the straight line indicator is unaveilable, flight
line navigation may be accomplished by flying arcs of constant radii
about one of the ground stations. The resulting curved flights in-
troduce several undesirable conditions such as the centrifugal de-
flection of the camera level bubble, the creation of crab between
exposures, and the Inabllity to arrange flight lines to sult special
requirements. However, these disadvantages are far outwelghed by
the certainty of obtalning good photographic coverage on the first
migsion. It should also be noted that the adverse effects are re-
duced as the flight radius increases. In this method of arc flylng,
the radius must always be at least fifteen times the flying height
in areas where multiplex methods are to be used in the compilation
process. This 18 necessary In order not to exceed the ussble length
of the Y-movement avallable for orientation of curved flights.

Another posaible method of flight line navigation is by
"precomputed coordinates.” In this procedure, the proper distance
readings from the aircraft to each ground station at regular inter-
vals along a stralght line are computed before take-off and the alr-
craft then is flown so as to pass, as near as possible, along this
precomputed course. Considerable skill and experience on the part
of both pilot and navigator are required to accomplish this type
miggion.

10. Accuracy. The Shoran system contains both systematic and
random errors. When applied to map control, the systematic (mean)
error will appear as a shift of the entire area with respect to the
parallels and meridians. Deviations from the mean (random errors)
will be evidenced as localized scale and azimuth errors within the
map.

For many military mspping operations, deviation from the
mesn will have the greater significance since the relative positions
of features will be of more importance than having the map in its
correct geodetic position. Tests show that present Shoran equip-
ment will locate two-thirds of the exposure stations to within about
+75 feet of true position, exclusive of the mean error. Multiplex
maps compiled from this control will, however, give somewhat greater
accuracy than would be expected from this statement. The methods
later described provide for scaling the map to the best mean fit of
all Shoran points and thus permit "averaging out" some of the random
Shoran error. Multiplex test maps compiled in this mamner, using




area coverage,; T -5 photcgraphy from about 20,000 feet, indicate
that two-thirds of the detail points will have & relative accuracy
of about 365 fee*, 90 percent of the points will be true to within
+105 feet, and no point will be in error over ebout 190 feet.
These values are all exciusive of the mean map position error.
They represent about the maximum accuracy attainable with Shoran in
its present state of development and are presented here to indicate
the capabilities of this new mapping tool. The approximate acsur-
acles to be expected from other Shoran photogrammetric applications
are given in later chapters where the various procedures are dis-
cugsed in detall.

Whenever properly ~alibrated equipment is used during the
photographic operations, the meen shift of the map sheets should
never exceed about 50 feet. Even this error can be largely elimi-
nated if one or two identifiable points of known position are avail-
able in the area being mapped. Under these conditions, the Shoran
map is first compilied by one of the methods later discussed and the
entire sheet tien is "slipped" Into position as indicated by the
survey pointa. If seversal adjacent sheets are to be compiled, sur-
vey points in every second or third sheet probably will be suffi-
cient,

11l. Shoran in Large-area Mapping. It can be seen that, in
Shoran, the surveyor has acquired another new and useful tool.
With the ald of Shoran navigational methods large areas of gapless
photography can be obtained in a minimum smount of +time. Areas of
approximately 2,500 square miles can be photographed in one 6-hour
flight at a photographic aititude of 20,000 feet. Reflights will
geldom be needed but, when necessary, they can be readily obtained.
The simultaneous gathering of horizontal control saves many miles
of laborious trianguwiation and traverse operations. Although the
Shoran system itseif providea no vertical control information,
accurate altimeter readings at the Ingtant of each exposure and
properly spaced cross flights will reduce the number of elevation
roints that must be eatablished by grcund methods. In fact, if the
elevation of only a few well-distributed points throughout the area
(such as water surfaces) can be recovered end used in conjunction
with the altimeter data, fairly reiiable form lines can be sketched
by multiplex methods without recourse to additionai control (Chap-
ters VII and VIII). The value of being able to compile even a good
planimetric map without ever having to occupy the ground cannot be
overestimated in military mapping. '

By use of the line-crossing procedure, the Shoran system
also provides the method for making the initial triangulation sur-
vey. Ground stations thus located then bezome the ground stations
for use in controlling the mapping photography. It may even be
possible to attain greatest efficiency by combining the two
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operatians. Photographic work then counld be concentrated on the
rather rare clouiless days and line crossings could be accomplighed
on the days when photographs cannot be obtained.

.
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CHAPTER IT

PRINCIPLES OF SHORAN MAPPING

1. General. Shoran is an electronic measuring system for
indicating distances from an airplane to each of two Shoran ground
gtations. In operation the alrcraft transmits radio signsals to
each of the ground stations. These signals are received and im-
mediately retransmitted back along the same path. By automatic
measurement of the time required for the signals to traverse each
round -trip path, the airborme equipment obtains an accurate figure
for the distances to the grownd stations. This Information, to-
gether with a knowledge of the flylng height, permits computation
of the horizontal position at the ingtant of each reading. Fig.
2-1 ghows how the distance indications serve to fix the aircraft
relative to the two ground stations. 1In areas where geodetic posi-
tions of the ground sets are known, the absolute airplane position
may be computed.

A S

FIG. 2-1. TWO-DISTANCE "FIX" OF THE SHORAN ATRPLANE.
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2. The Pulse System of Distance Measuremsnt. The distance
of the Shoran airc each ground station 1s determined by
means of the "echo-timing principle.” This echo-timing method
msasures the time required for a short train of radio waves
(called a "pulse™) to travel over the distance and dack to the
starting point. In most radar systems, a round-trip radio path,
for the purposs of distance determination, makes use of the fact
that many obJects act as good reflectors of radio waves. That is,
radio pulses from the originating point, striking a wave reflect-
ing object, are reflected, or re-radiated, to provide an "echo"
signal which the originating station picks up. In this general
type of system the reflecting surfaces usually are ememy aircraft
or other types of non-cooperating targets.

Shoran uses a more effective method for providing round-
trip paths. Imnstead of using a metallic obJect as a reflector,
the ground station is, itself, a radio receiver and tranamitter.
With this system, the echo signal 1s greatly amplified. Fig. 2-2
11lustrates the method used to dstermine the distance to a ground
station. Here, the airbormns set sends out a pulse of radio energy
in the direction of the dlstamnt ground station, and simultansously
makes a kink or "pip"™ (designated the marker pip) on the screem of
the cathode-ray tube. Whemn the radio echo of this pulse retwrns
from the grownd station, it is received and mads to produce a
second pip (the echo pip) on the screem.

The airborne instrument is demigned to produce a circu-
lar sweep on the face of the cathode-ray tube. The velocity of
the sweep is constant (nearly) amd is detsrmined by the particular

NN
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FIG, 2-2. DISTARCE DETERMINATION BY ROUND-TRIP PULSE TIMING.
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scale setting selected. TFulses, generated at a constant rate, are
fed to both the cathode-ray tube and the airborme transmitter.
Since these pulses are synchronized with the sweep generator, the
marker pip remains at a fixed position on the screen. The echo
pulse, however, is delayed because of the time required for round-
trip travel tc the ground station and, therefore, forms a second
pip on the "sweep circie" at some distance from the marker pip.
The distance between the two pips is a direct indication of the
time which elapsed between the formation of the first pip and the
formation of the second. In other words, the distance between pips
depends directly on the time required by a radio pulse toc make the
round trip over the dlstance being measured. Since radio pulses
travel at a known speed {apprcximately 186,219 miles per second at
gsea level), this distance between pips also indicates the length of
the round-trip radio pulse path, and therefore measures the air-
line distance between the airplane and the ground station. The
persistence of vision, *he persistence of the oscilloscope, and the
repid rate at which the signals are repeated furnish the operator
with continuous images of the marker and the echo pips.

With Shoran, the elementary method Just discussed i1s modi-
fied in an important way. Actually, instead of directly using the
distance between the pulses on the cathode-ray tube as an indica-
tion of distance, & "timing advance system" is used %o produce trans-
mitted pulses sufficiently earlier than the corresponding marker
pulses so that a signal returning from its round trip arrives Just
in time to meet +the corresponding pulse at the cathode-ray tube.

The amount of time advance, or headway, given the outgoing pulse is
variasble and is calibrated so that the distance from the ground sta-
tion is read directly. During operations, the device is adjusted
until the leading edge of the echo pip coincides with that of the
marker pip. The distance from the alrplane to the ground station
can then be read in miles on a dlal scaie and vermier counter.

In order to make possible a 2-sircle fix (Fig. 2-1),
gimultaneous indications from two ground atations are obitained by
sending puises from the airplane in aliernate groups, or trains,
first to one and then to the other, and sc on, Although most of
the radio equipment is used jointly by both signal "channels" in
the airborne set, separate tlming advance systems are used so that
the two Shoran miieages can be set and read separately. The two
timing advance systems sre drivem by hand or geared to a motor
drive. A single cathode-ray *ube is used as an indicator. One
marker pip appears at the top of the screen of this tube and two
received pips show up on the sweep circle at positions depending
upon the distances to the ground statlon. The se: is so desigred
that one echo pip projects toward, and the other away from, the
sweep clrcle center. Whaen the “wo received pips are set in colin-
cidence with the marker pip, the resulting readings of the dials
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are the distances of the airplane from each grownd station. Fig.
2-3A shows the pattern on the cathode-ray tube with the received
pips out of alinement with the marker. In Fig. 2-3B the pips are
shown properly adjusted to coincide with the marker.

MARKER PIP

PIP FROM GR. STA. “A" PIP FROM "8

PIP FROM GA. STA. "8"

A e

FIG. 2-3. PATTERN ON CATHODE-RAY TUBE. IN "A" THE THREE
PIPS ARE SEPARATED FOR CIARITY., IN "B" THE PIPS ARE ALINED
TO PERMIT TRUE DISTANCE RECORDINGS ON THE SHORAN DIALS.

In Shoran operations the designation of one ground sta-
tion as the "Rate" station and the other as the "Drift" station
occasionally will be encountered. This terminoclogy is a carry
over from the bombing application where the bomb run was made by
flying an arc of constant radius about the Drift station. In map-
ping, the selection of one station as the Rate and the other as - -~
the Drift station is arbitrary and is used only as a convenience.
Except possibly where arc flying is used in navigation, it 1s pref-
erable to designate the ground stations simply as station "A" and
station "B". Under this designation the westermmost station 1is
called A and the eastermmost is called B.

3. Equipment. A complete Shoran system consiats of two
similar ground stations at a considerable distance apart, and sets
of alrborne equipment installed in one or more airplanes. A
"Shoran recorder," included as part of the airborne equipment,
furnishes a photographic record of Shoran readings during photo-
rraphic operations. The actuation of the recorder camera from the
aerianl crmera intervalometer provides the information necessary
for computing the plan position of each aserial exposure.
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The ground station equimment, which is known as Radio Set
AN/CPN-2, consists of an antenna mast, an antenna structure, a
generator, a monitor, a recelver, a transmitter, cables, and other
small items. The gasoline-driven generator furnishes the entire
power required for the operation of a ground station. The monitor
incorporates provision for tuning and for adjusting the total time
required for the pulse to pass through the equimment. Provision
i1s also made for reshaping the pulse, since distortion is intro-
duced during transmisgion from the airplane. The antenna struc-
ture when erected upon the mast stands 50 feet above the ground.
Horizontal radiation from the ground station antennas is moderately
directional; the maximum signal intensity is in the direction to-
ward which the antenna is pointed, and it decreases to about 50
percent at an angle of 30° on either side. In mapping operations
one pointing of the antenna usually is sufficient, except under
special conditions or where very large areas are involved. Equip-
ment for one ground station is illustrated in Fig. 2-4. Five men
can gset up the station, make necessary adjustments, and have it
ready for operation in approximately 8 hours. Gasoline consump-
tion of the power unit is about 1 gph.

FIG. 2-h., SHORA GROULD STATIOL.
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The airborne equimment is known as Radlo Set AV/APN-3.
It consists of a recelving antemmsa, a tranamitting antemna, a re-
celver, a timing wnit, a transmitter, cables, and mounts. The tim-
Ing and receiver units are bullt into one component and must be
positioned in the aircraft so as to permit the operator both to see
and to have easy access to the front panel. As operation of the
transmitter is practically autamatic, 1t may be installed in any
convenlent location in the plane. Both the receiving and the trans-
mitting antennas are thin rods projecting about 12 inches from the
fuselage and both are non-directional. The point midway between
these antennas i1s the point at which the Shoran positions are effec-
tive. In photographic installations the aerial camera elther must
be placed near this mid-point or a compensating correction must be
made during the computation step. The timing unit (Fig. 2-5) 1is
the heart of the entire Shoran system, since the actual distance
meagurement takes place within this unit. Visible on the front
panel of the instruments are various tuning dials, the face of the
cathode-ray tube (1), large dials for rough adjustment of the time
delay and indication of mileage (2), and mileage counters which
gerve as vernlers in indicating distance to each ground station (3).
A gelector switch permits changing the scale so that one revolution
on the sweep circle represents 1 mile, 10 miles, or 100 miles.
With the sweep circle set at the nommal operating scale of 1 mile
per revolution, distance to the nearest 10 miles is read dirsctly
from large dials. The vernier counters give direct readings for
the l-mile, 0.1-mile, and 0.0l-mile portion of the distance.

Fig. 2-6 shows the recording wnit and Fig. 2-7 illustrates
an exposure from the recording camera. This umit fits just below
the timing unit and becomes an integral part of it, Fig. 2-8 shows
the combined wnits Installed for airborne use. Mileage counters in
the recorder duplicate those of the timing wnit and, in additlom,
provide space for the 100- and 10-mile portion of each reading.
Synchronization of the two mets of counters is accomplished by means
of a direct gear commection. With this arrangement, adjustments to
the timing advance systems can be made by manipulation of the
appropriate recorder mileage counter controls. AdJjustment to each
of these counters is made by mesns of a displacement knob and a
variable speed motor. Since the displacement knobs are directly
geared to the timing unit they can be used alone to maintain pip
alinement., This is a purely manusl operation, however, and asince
the airplane is constantly moving, would require a great deal of
work. By use of the motors, each coumter (and, therefore, the tim-
ing advence systems) can be set at a constant corrective speed. that
approximates the speed of the plane with respect to the groumd sta-
tions. This greatly reduces the number of manual adjustments that
must be made to the displacement knobs. The regulator for each
motor is placed just behind its corresponding displacement knob to
permit the operation of both with the same hand. Even with this
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FIG. 2-5. SHORAN TIMING UNIT.

FIG. 2-6. SHORAN RECORDER.
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FIG. 2-7. SHORAN DATA FIIM.

arrangement, operation of the alrborne set necessitates constant
manipulation with both hands (one "rate" and one "displacement”

knob for each of the two ground stations) and requires difficult -

manual coordination which can be obtained only through practice
and experlence.

The recorder photographs are taken by a standard 35-mm
moving picture camera, modified to expose single frames upon re-
ceipt of impulses from an intervalometer. Each recording shows
the counter reading to each ground station, a compass glving the
heading of the aircraft, an altimeter, a thermometer, a clock, a
data card, and an exposure counter which has been synchronized with
that of the aerial camera. The illustrated exposure (Fig. 2-7)
shows that, when this picture was taken, the airplane was 102.90L
miles from one ground station and 103.652 miles from the other.

The figure in the third decimal place is obtained by interpolation.
Information furnished with the photography must indicate to which
ground station each of the counters refer. The small pointer of
the altimeter reads in 10,000-foot units, the medium length pointer
in thousands of feet, and the longest pointer in 100-foot units.
The flying height indicated on the sample exposure is 12,440 feet
above pea level. Although both are actuated from the same inter-
valameter, certain undesirable design features in present recorders

S




FIG. 2-8.
RECORDER.

ATRBORNE INSTALIATION OF SHORAN TIMING UNTT AND
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require each asrial camers -- Shoran recorder installation to be
individually calibrated to assure perfect synchronization.

L. Characteristics of Wave Path. Shoran waves, like light
waves, travel in stralght llnes in a vacuum, and are refracted down-
ward when they ere traveling through the atmosphere. The amount of
refraction of the Shoran rays, however, is somswhat greater than
that of 1light waves. Fig. 2-9 illustrates the effect of atmos-
pheric refraction. Bending of the path is greatest near the groumd,
but the path spproaches a straight line at higher altitudes where
atmospheric pressure and moisture content become less and less. It
can also be seen from Fig. 2-9 that the maximm horizontal range of
& Shoran alrplane from either ground station is dependent upon the
helght of the ground station, flying helght, refraction of the ray
path, curvature of the earth, and elevation of the terrain along
the ray path. A much clearer picture of the wave path is given by
using the concept of a flat earth. Here, the earth 1s assumed to
be a plane and the ray path is assumed to contaln the effects of
both refraction and curvature. Fig. 2-10 shows this represemtation
cf the Shoran ray path. Under the conditions shown, the maximm
range of the eguipment 1s given by the following formulas

Range in miles = 1.36( VK - G ¢ \/f-(‘;)

where H = Altitude In feet above sea level of aircraft
K = Height in feet above sea level of ground sta-
tion antenna
G = Height in feet above sea level of terrain at
low point of Shoran ray path

Use of this formula must be limited to areas where the terrain in
the vicinity of the low point of the path 1s level and at a falrly
constant elevation above sea level. Distance from the ground sta-
tion to the low point of the path is glven by the formmla:

M, = 1.36\K -G

where M, = Distance in miles from ground station to
low point of Shoran ray path
K & G as before

Actually, M, and G are Interdspendent, so that one cannot be deter-
mined wmtil the other is established. However, in many instances
where terrain is relatively flat for a considerable digtance from
the ground station, the formula gives a relisble estimate of ex-
trems range. If intervening hills obstruct the "line of sight,”
other formulas, or even the construction of a proflle, may be re-
quired. These problems are discussed further in Chapter IIT.
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FIG. 2-9. PATH OF SEORAII RAY.

FIG. 2-10. FLAT EARTH CONCEPT FOR DETERMINING HEIGHT OF
SHORAN RAY PATH.

The formula just presented gives fairly reliable recon-
naissance values for the maximum horizontal range of the Shoran
equipment. However, terrain conditions in the immediate neighbor-
hood of the ground station and other local factors may introduce
anomalies that will considerably modify values obtained by the use
of this formula. Where it becomes nccesscry to work near the
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extremep range of the equipment, or where an alternate selection of
ground station positions 1s possible, the advice of Air Farce elec-
tronic specialists should be obtained. It will also be found that
atmospheric conditions at the time of Shoran operations will have a
smell effect on maximum range. On days when the moisture content
of the atmosphere is high, Increased refractions wlll enable the
alrcraft to receive signals at a distance slightly greater than the
computed range, while under very dry condltions, the signals will
cut out at a distance slightly less than the computed range.

5. Equipment Calibration and Adjustment. Shoran measures
distance hetween the aircraft and each ground station as a fimction
of the time required for a pulse of electromagnetic energy to travel
the round-trip path. Since the pulse of energy is delayed a con-
stant amount in passing through the ground station equipment, the
airborne tiringe circults are set to consider this delay. The fac-
tory adJustments of the airborne sets assume equal time delays in
all ground sets, the delay belng a comstant equivalent to 0.1800
mile. This means that each alrborne set 1s adjusted so that when
it 1s receiving its own transmitted signal (that is, measuring a
zero distance) the mlleage counters will read 99.8200 instead of
0.0000., However, since many indeterminates affect the delay, it is
necessary to calibrate and to determine the "ground station delay
correction” for each ground station just prior to commencing Shoran
operations.

It is also found that all airborne sets do not read
99.8200 when they are recelving their own signals. In fact, the
"observed zero" in any one set does not remain constant but must be
read and recorded at the begimning and end of each photographic
mission if maximum Shoran accuracy is to be attained. The “correc-
tion of the observed zero from the reference value of 99.8200" is
algebraically added to the mileage counter reading. This correc-
tion is determined as follows:

Zero correction = 99,8200 - Ry
where Ry = Zero observation

Pulse travel time is measured in the airborne timing unit
by means of a timing oscillator. The equipment design is such that
true path distance is recorded when this oscillator frequency in
cycles per second is equal to one-half the velocity of electromag-
netic propagation in miles per second. Electromagnetic wave yeloci-
ty, which 1s equivalent to the speed of light, is 186,219 miles per
second at sea level under standard atmospheric conditions. As -
Shoran measures the loop travel, it is convenient to use the loop
velocity of 93,109.5 miles per second., Correct Shoran readings,
then, will be obteined when the airborme timing oscillator is
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adJusted to a frequency of 93,109.5 cycles per second. When the
timing oscillator frequency differs from this reference valus a
correction 1s required.

The oscillator iu the airborne set 1s not temperature
stabilized; consequently, the wide range of pressure and tempera-
ture conditions encountered between ground elevation and photo-
graphic flying height preclude reliance on the frequency stability
of this oscillator. To overcome this difficulty each ground sta-
tion is equipped with a temperature stabilized and compensated cry-
atal oscillator circult and Jjust before starting the photography,
the airborne timing oscillator frequency is adjusted to obtain
synchronization with the ground station osclllators. Actually, the
two ground statlions wiil not be exactiy on the same frequency, and
8o the airbome timing oscillator is adjusted to the mesn of the
twe frequencies. This airborpe adjustment of the timing oscillator
furnishes a valuable check on the equipment, since a difference of
frequency between the two ground sets of more than 2 cycles per
gecond. Indicates the necesslty of recalibrating the ground station
oscillators.

The method used in calibrating and adjusting the ground
station timing osclliators does not always produce a frequency of
exactly 93,109.5 cycles per second. This procedure does not
serlously handicap the cumputations, however, since a "timing fre-
quency correction” is easily applied if the frequency used during
the Shoran operations 1s accurately known. The following formula
gives the required vaiues

DS s F - 95f109.5 . 8

where AS = Timing frequency correctior in miles
F = Actual timing frequency in cycles per
second
S = Shoran dlstance in miles

Where maximum accuracy is required, 1t 1is also necessary
to apply a "timing non-linearity correction." This error results
from slight irregularities in the functioning cf the "phase-advance"
devices which form a constituent part of each timing asdvance system.
The correction, which should never exceed £0.006 mile, is furnished
in the form of tablea or curves by the photographic wmit if re-
quested in the specifications for photography.

A rather large error in the Shoran measurementa may be
introduced by varlation of the signal intensity im different sec-
tions of the field of coverage. This effect is caused by the fact
that one wave path travels directly from the ground antenna to the
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alrcraft while a second travels from the ground antemna to the
ground and 18 then reflected to the alrborne set. The difference
In length of the two paths i1s too small to form two echo pulses on
the scope. The only effect ia that the signal strength is in-
creased or decreased, depending on whether the two signals are in
or out of phase. If the Intensity level during ground station cali-
brating and the mean intensity level during operations are radically
different, a considerable mean error in measurement may be experi-
enced. If one or two ldentifisble points of known position are
avallable within the area to be mapped, this and other types of
systematic errors can be eliminated during the map compilation pro-
ceas. Otherwise, the constant portion of the intensity error can
only be removed through adjustment of an associated Shoran triangu-
lation network, provided that the same ground station calibration
Installation is used for both the photography and the triangulation.
In Shoran-controlled photography of a relatively small area, for
which a complex Shoran triangulation net is not required and is not
avallable, the constant error can only be estimasted from past ex-
rerience. The Alr Force unit will mske the necessary estimate 1f
requested. Errors caused by a deviation of intensity levels from
the mean, which cannot be controlled at present, must be expected.
Such errors can only be Treated as random,

Another possible source of error is in the synchroniza-
tion of the aerial camera, the Shoran recorder, and the separate
altimeter recorder that is used in most mapping operations. The
recorders, as presently designed, operate at the end of the inter-
valometer pulse, whereas the aerial cameras operate alt the beginning
of the pulse. In order to eliminate this time lapse, a special de-
lay circult is placed between the intervalometer and the recorder
and is adJjusted until proper synchronization is obtained. Very
1ittle error resulis if proper precaution is observed. However,
since each serial camera-recorder installastion must be individually
calibrated, 1t 13 important that this adjustment be called for in
the specifications for photography. Fallure to obtain good exposure
synchronization between all camerss will introduce serious errors in
the resulting map.

It is also necessary to correct for an error which results
from the necesalty for placing the airborne receiving and transmit-
ting antennas at different locations. The correction (designated
Caa) 18 equal to one-helf the distance between the two asntermsas;
iﬁAa.lwa.m increases the Shoran measurement, and rarely exceeds .00l
mile. The value will be furnished with ‘the photography .

6. Velocity Correction to Shoran Distances. The airborne
Shoran set 1s an accurate time measuring instrument with mileage
counters so calibrated that when the timing oscillator is tuned to
95,109.5 cycles per second, the distance to each ground station is
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read directly in miles. This 6alibration must sssume a constant
propagation velocity for electromagnetic waves. Hcwever, the speed
of radio waves is depemdent upon atmospheric conditions and actu-
ally varies from point to point along the ray path. For this rea-
son, a "velocity correction" must be made to each of the Shoran
readings. In Shoran triangulation, meteorological conditions are
accurately measured at the time of operations by flying a weather
observer airplane along the approximate ray path from the Shoran
alrplane to each ground station. By recording tempersture, humidity,
and pressure at regular intervals along the path, “rue wave welocity
can be camputed and the necessary corrections appiied. In normal
photogrammetric mapping the refinement of weather observations at
the time of photography is not required. Suffinsient accurasy is
usually attained dby basing the velocity correction on average
meteorological conditions. The method of computing these correc-
tions, as later outlined, is based on the "N.A.C.A. Stendard Atmos-
phere” with added mean U. S§. annual vapor pressure at about LO°
latitude. The maximum error in Shoran distances that will be in-
troduced by devlatlon of atmospheric conditions at any particular
time from that represented by the "Standard Moist A*mosphere”
amoyxmts to only about 1 part in 20,000. Errors of this magnitude
are ordinarily insignificant in mapping operations. Grester accu-
racy requires velocity correction determinations by an experienced
westher officer using meteorological dats observed at the +ime of
photography. These values are obtainable by the Air Force photo-
graphic unit but, i1f such refinement is required, they must be
called for in the specifications for photography.

7. Reductlon to Ground Distance. The Shorsar distance read-
ing, after correction for calibration errors and for variations in
the velocity of propagation, gives true distance along the curved
ray path between the alrplane and the groumd ststiorn. In order to
reduce this corrected Shoran distance to ground distance at sea
level, further corrections must be appiied. These corrections are
necessary because of the geometric relatlonship between the curved
earth, the altitudes of alrborne set and ground gtation, and the
curved path of the Shoran ray. The basic formuls for the computa-
tion cf the ground distance is as follows:

. —
M = ®Rs in M?]:?_'_(Hl K (1)
) are s {Ra +H;) (Ra % K3)

vhere M = Ground distance in miles
Ra = Mean radius, in miles, of earth along the
line being measured
r = Mean radius, in miles, of sShoran ray path =
3959 2 + .95(8; ¢ K;) ]
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8; = Shoran reading, in miles, corrected for
calibration errors and for variations
in propagation velocity

H) « Height, in milea, of airborme set above
8ea level

K; = Height, in milea, of ground station
antenna above sea level

Angular values in the previous equation are expressed in radians.
The Ra term varies with mean latitude and azimuth of the lins being
meagursd since the earth 1s a spheroid.

Another form of this equation is obtalned by making
several assumptions, expanding the basic equation to a more usable
form, and then correcting the resulting value by the use of charts
or tables. Velocity and calibration corrections can then be added
to produce equations of the following formg

MaS-A (2)

. 2:3920 . 1.1@22'@-x12_0.2h8h835

Ae=8 " 8ED + 8 108
1-3‘%,(3;3K)h;v-c + B (%)

M = Ground distance in miles

8 = Uncorrected Shoran distance reading in miles

A = Total correction to Shoran reading in miles

H = Height of aircraft in feet

K = Holght of ground station in feet

V = Shoran velocity correction in miles

C = Total slectronic calibration constants in miles

B = Correcticns for the various assumptions (values
from tables in miles)

Formula (1) or formulas (2) and (3) wlll give equally
good results but the use of the latter two will ordinarily prove
most satisfactory in photogrammetric map compilation work. A de-
tailed discussion gf the solution of formulas (2) ani (3) by use
of computation forﬁs and tebles is given In Chapter V.

8. Station Angles. The error in distance from the zirplane
to either ground station i1s dependent upon the accuracy of the
Shorsn system. The accuracy of position which results from the
distance measurement to both ground statioms is further dependent
upon the horizontal angle subtended at the airplane by the ground
stations. The effect of "station angles" on position accuracy is
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FIG. 2-11. EFFECT OF STATION ANGLE VARIATION ON SHORAN
POSITION ACCURACY.

illustrated in Fig. 2-11. In each case, point 1 is the true posi-
tion and point 2 represents the apparent locatlion as determined by
Shoran measurements, all of which are assumed to be in error by
the same amount, E. If both distance measurements are either too
iong or too short, position error is a maximum when station angles
are large and it is a minimun when station angles are small.

Where distance measurements contain errors of opposite sign, posi-
tion errors are a maximum when gtation angles are small. Since
random errors in the Shoran system are just as likely to be plus
as they are minus, the strongest position determinations occur
with station angles of 90° and the grsater the departure therefrom,
the greater 1s the region of uncertainty.

The curves of Fig. 2-12 show the relationship between
station angles and position errors in terms of the Shoran distance
error, E. For example, with a 90° station angle and 100-foot
errors in the Shoran measurements, the resulting position is in
error by 1.4l times 100 or 141 feet. Had the station angle been
120° and the errors in bath measurements been of like signs, a
position error of 2 timeg 100, or 200 feet would result. In order
to exercise same control over the magnitude of the umavoidable
error present in locating a point from two Shoran measurements it
becomes necessary to place limits on the station angles. Angles
of from 60° to 120° are presently considered desirable for mapping
pbotography. lLarge deviations fram these limits should bde per-

mitted only after consideration of the possible effect on map
accuracy.
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9. Shoran-controlled Photography. Shoran-controlled photog-
raphy for use in photogrammetric mapping is performed in the normal
mamner with about 56 percent forward overlap between exposures and
fifteen to thirty percent lateral overlap between flights. Expo-
sure of the Shoran recorder at the instant of each aerlal exposure
provides the data necessary for computing the map position of each
exposure. (A separate altimeter recorder is usually employed to
provide more accurate values of flying height than those obtain-
able from the Shoran recorder altimeter.) Where only the distance
between ground stations is known, exposure positions relative to
the ground stations are determined. The iInformation so obtained
permits the preparation of a map, but since absolute position 1is
unavailable, latitude and longitude cannot be shown. However, in
the more usual case the ground stations are situated at, or tied
to, first- or second-order triangulation stations, thus permitting
the preparation of the map complete with parallels and meridians.

Random errors in the Shoran system prohibit absolute re-
liance in any one position. Maximum map accuracy depends upon
scaling groups or strips of photographs to the best average fit of
the corresponding Shoran positions. For example, In multiplex
mapping a strip of sbout six models is first adJusted as a unit to
obtain correct relative oriemtation. Next, the strip is scaled to
the best mean fit of all Shoran points concerned. Detailed pro-
cedures necessary in the application of Shoran control to multiplex
and slotted templet mapping methods are outlined in later chapters.
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Shoran coordinates represent the map position of the ailr-
plane at the instant the aerial negative was exposed. Since the
correaponding point on the aerial photograph 1s represented by the
plumb point, it is extremely important to have a knowledge of photo
tilts. Use of the photo principal points instead of plumb points
(vhich implies no tilt) may introduce considersbly more error than
is inherent in the Shoran positions. In areass where considerable
ldentifiable vertical control ig available this problem 1s not
serious. If vertical control i1s not available special techniques
for recovering camera tilts must be employed in order to obtain
maximm map accuracy. The multiplex solution to this problem re-
quires the use of additional photographic flights at right angles
to, and spaced at intervals of about each six exposures, along the

regular mapping coverage.

10. Shoran Line Crossings. Another application of Shoran is
i1ts use in determining distance between two ground stations by a
procedure lmown as the "line-crossing method." In this method, the
airborne set is flown across the line Joining the ground stations.
Since the Shoran dials continuously read the distance to each ground
set, the sum of the dlstances is a minimum when the airborne station
i1s directly over the line. When the growund distance corresponding
to each half of this minimm reading has been camputed, the sum will
be the required geodetic distance.

AS the airplane a~:r.aches the line to be measured the sum
of the distances to the grownd stations continually decreases to a
minimm at the actual poi:.t of crossing, and then again increases
as the plane continues on its course. If the sum of the distances
is plotted aganinst the time of observation, a curve of the type
shown in Fig. 2-13 will result. The minimum point of the curve re-
presents the true Shoran sum distance at the point of crossing.
During operations the necessary data are collected by actuating the
Shoran recorder at a wmiform rate of one exposure every two to
three seconds. Several random errors in the Shoran system, includ-
ing the inability of the alrborme operator to maintain pip aline-
ment, may caugse the dial readings to be either too large or too
gmall at any ingtant. To minimize these errors, the sum distances
for about fifteen readings on both sides of the crossings are fitted
to a parabolic curve by the method of least squares. The minimm
point of the resulting curve then gives the most probable valus for
minimum Shoran distance.

If ground stations are situated at the corners of appro-
priate figurea and all distances measured by the line crossing
method, there results a triangulation arc in which the lengths of
all sides are known. To gain maximum accuracy, complete meteoro-
logical data are obtalned at the time of operation and all possible
refinsments ars included in the computational and calibration

I
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procedures. Lines varying from fifty to over five humdred miles in
length may be measured. Triangulation of low second-order accuracy
is presently being obtained and, as better equipment and fuxrther
experience is gained, it is expected that first-order accuracy will
become possible.
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CHAPTER III
OPERATTIONAL PLANNING

1. General. The plamming and execution of Shoran operations
is a responaibllity of the Air Force. It is, however, nscessary to
have a thorough understanding of some of the problems in order to
prepare workable specifications. Requirements for Shoran-controlled
photography may be separated into three general headings:

a. Mapping of an area not now covered with suitable map-
ping photography.

b. Control for an area where ex!siing photography is
consldered adequate.

c. Positioning of targets or secondary control points.

In the first two instances the ultimate obJjective will
normally be the preparation of accurate maps at scales of about
1:50,000. The third type is used in mapping work to position pic-
ture points at intervals of thirty to fifty miles. These points
then become the control for small-gcaie maps that are to be pre-
pared from existing vertical or trl-metrogon photography.

Use of Shoran-controlled photography in areas not pre-
viously covered with sultable mapping photography will be the
probiem most often encountered and is the ons requlring the most
detailed plamning.” It will also be found that absolute positions
of the ground stations usually will be required in order that the
f£inal map can be correctly positioned with respect to a known
datum. The present chapter places emphasis on this more general
type of planning. If the preparatlon for this type mission is
fully understood, little trouble will be encountered in plaming
vther kinds of Shoran photogrammetric operations.

2. Preparation of Work Sheet. As in all aserial photographlc
planning, the best avallable smail-scale map of the reglon is used
ag a work sheet. Strategic maps and aeronautical charts at scales
of 13500,000 or 131,000,000 serve the purpose very well, although
other scales may be needed in individual cases. The area to be
photographed is first outlined on the map. Next, all existing
first- and second-order horizontal control both within and sur-
rounding the area for a dlstance of 100 to 200 miles is examined
with a view toward the selection of possible ground statiomn posi-
tions. Third-order positions, where the surveys have not bean
carried for long dlstances from their tle to higher order stationms,
are acceptable dbut are not so preferable as points of higher aoccu-
racy. Although the Air Force unit will make the final selsction of
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ground positions, Engineer specifications must indicate the desired
approximate locations and, if poasible, should include alternate
gelections.

Existing control is glven first conslderation in the se-
lection of possible ground locatlons. Where #t proves impractical
to locate the Shoran stations exactly over control polnis, they
should be placed so as to reduce to a minimm the ampunt of survey-
ing needed to establish the positions and elevations. Two ground
stations will normally be sufficient unless extensive photographic
coverage 1s required. They must, of course, be selected so that
the photographic airplane will always be within Shoran range of both
ground statlions, and every effort should be made to keep station
angles throughou‘b the area between the limits of 60° snd 120°. In
ground site selection, the advantages of Shoran flight line naviga-
tion also should be considsred., Since the stralght llne Indicator
Probably will be used, the "base line" between the ground stations
should roughly parallel the desired direction of flight. If arc
navigation is to be employed, an effort must be made to select
ground statlions so as to give the mogt effective layout of flight
lines. In this respect, it is well to avold statlions that would
introduce very short flights of from two to five pictures across

the corner of an area. Under optimum conditions two ground stations

wlll permit coverage of a rectangular area of about 9,200 square
miles on each slde of the base, assuming ground stations at sea
level and a flying height of 20,000 feet.

The use of ground station locations that require working
near the extreme range of the equipment may sometfmes cause trouble,
since the signals may have a tendency to become weak and fuzzy. On
the other hend, Shoran position errors caused by errors in the de-
termination of true flying height and growund statlon elevation may
become serious when photography is accomplished closer than about
50 miles to either ground station. Internal map gccuracy will
suffer from operations too near the ground stations unless special
precaution is taken to obtain accurate values for the difference in
flying height between exposures. For this resson, it 1s preferable
to select ground stations so that no part of the area to be mapped
will be less than about 50 miles from either station. It should
also be remembered that, other things belng equal, the nearer sta-
tion angles can be kept to 90°, the greater will be the inherent
accuracy of resulting Shoran positions.

3. Geumetric Considerations. The first requirement in the
selection of locations for ground stations is that the entire area
be within Shoran radio range. This is determined by substitutions
In the range formula of paragraph 4, Chapter II, or through use of
the nomogram ghown in Fig. 3-1. In preliminary planning, the for-
mula may be simplified to the form:
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FIG. 3-1. NOMOGRAM FOR DETERMINING MAXIMUM SHORAN RANGE.
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= 1.36( VE 4+ K)
where R = Horlzontal range in miles
H = Flying height in feet above gensral ground
level

K = Helght in feet of ground station antenna
above genaral ground level

The shaded portion of Fig. 3-2 illustrates the possible area of
operations from two ground stations (A and B) where the range of
the equipment 1s the sole consideration. If ground stations are
at different elevations, it is necessa.rj to compute separate
range valuesa for each station.

FIG. 3-2. RANGE LIMITATION ON SHORAN COVERAGE FR( TWO
GROUND STATIONS.

The work sheet is also used to determine whether or not
a pair of ground stations will satisfy the condition that station
angles be maintained between 60° and 120°. The locus of points
subtending any angle,ec, between two sta.tions is a circle passing
through two stations having its center on the perpendicular bi-
sector of the line joining the stations, and having a radius equal

W
to 5 pinee’ vhere W is the distance between the stations. The

shaded portion of Fig. 3-3 shows the area within which suitable
station angles can be obtalned. The radii of the limiting circles
are determined by substituting 60° and 120° in this formula; a
circle representing the location of the strongest possible station
angles can be obtained by substituting 90°.

—~—
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Ground
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FIG. 3-3. AREA COVERAGE AS DETERMINED BY STATION ANGLE
LIMITATTIONS.

Where the area to be photographed 1s comparatively small,
the selection of ground station positions usually is quitve simple.
Several possible combinations of statlon locations can often be
spotted after a quick study of the exlsting control network.

Range suitability 1s verified by comparing distances taken from
the nomogram with distances scaled from the map. In the station
angle test positions are, of course, considered in pairs. The
area corners at vwhich statlon angles will be a minimum and a maxi-
‘mum are usually determinable by inspectioh. Angular values are
then computed by the formula:

2 2 2
Cosoc=ML_ M2 -W
M Mo
where M; and M, = Distances from ground stations

W = Distance between ground stations
Here again, scaled distances are normally sufficient.

k. Positioning of Ground Stations for Maximum Area Coverage.
If large areas are to be photographed and several ground station
sltes are needed, the planning becomes somewhat more involved. In
areas with little or no existing control, provision must be made
for tieing the stations together either by ground or by Shoran
triangulation. Even in areas where existing control is available
the distribution of points will not usually be suitable for maxi-
mum efficiency in the Shoran photogrephic operations. Careful




h2

Plaming isx required to obtain the proper balance between the
amownt of triamgulation and leveling to be performed and the
1dsal ground station layout. Normal optical triangulation is sloy
and costly and, in areas where existing points are available, it
may be wise to make theme points serve. However, poor distribu-
tion necessitates the use of more ground station sites, and thigs
results in the Inconvenience of moving the ground egquipment fram
station to station as the photography progresses. More important
than this is the fact that sufficlent equipment and persommel may
not be available to operate more than a few stations at one time.
This, In turn, limits the possidble area coverage on the rather
rare days when photography is possible. Cansiderabls time is
saved when the aircraft have a large area in which to operate and
can choose altermate photographic areas wvhen scattered clouds in-
terfere with original plans. The time lost dy an emtire mapping
organization in waiting for delivery of photography may be far
more costly in the long run than the surveying required to obtain
an efficient layout of ground statiams.

The limiting effects of station angles and range on area
coverage for ane side of the bame are illustrated in Fig. 3-4.
Positions of the arcs representing the angular limits are depend-
ent only upon the distance between stations and upon the amgle,
while the Shoran rapge from given stations 1s dependent only upon
flying height. Above certain minimm altitudes and with a given
station separation, the Shoran range will have no effect upon the

FIG. 3-4. LIMITING EFFECTS OF STATION ANGLES ARD RANGE ON
THE POSSIBLE AREA OF SHORAN COVERAGE (ONE SIDE OF BASE LINE).

i
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FIG. 53-5. IDEAL RETLATION BETWEEN GROUND STATION SEPARATION
AND SHORAN RANGE FOR MAXIMUM AREA COVERAGE.

area of coverage, since the circle representing minimum allowable
angle will be entirely within the range of both stations. In
order to cover a maximum area the relation between these variables
should be as shown in Fig. 3-5. Here, the minimum angle arc is
tangent to the maximum range arc. Since the flying height is
usually determined by the characteristics of the desired map, and
since the minimum desirable station angle has been set at 6 6 , it
becomes necessary to arrange the distance between ground stations
80 as to attain maximum coverage. This ideal separation of the
ground stations is obtained by combining the range and station
angle formulas as follows:

W =R gin &

(1.36 sinec) ( VE + K )

or for = 60°
= .8R = 1.2 (VF + K )
vhere = Separation, in miles, of ground stations for

maximum area coverage
Shoran range in miles
Minimum allowable station angle
Flying height in feet above ground level
K = Height in feet of ground station antennas
above ground level

HRw = = g

H s 0
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The formula assumes both ground stations to be at the same height,
K. This introduces no serious errors in preliminary plarming un-
less there is a considerable difference in height. It may also be
bhelpful to note that, wnder these conditions, the formula for the
distance from the center of the area to each of the ground stations
iss

M= .64R = .85 (VI + VK )

vhere M = Distance, in miles, fram growmd stations to
area center for maximm coverage
R, H, & K as before

Under these maximum conditions the possible area of coverage in
square miles for one side of the base 1s given by the formmla:

A= A8 = .89(H + K) s 1.78 VEK

where A = Area In square miles
R, H, & K as before

The entire area between the limiting circles meets the
geametric requirements for Shoran-controlled photography. The
shape of the area, however, is such that part of it will not ordi-
narily be used. Normally, the principal interest will lie with the
largest rectangular area that can be placed within the circular
limits. Fig. 3-6 represents such a rectangle. The various re-
lationghips are as fol.iowss

1.36( VE VK )

SR = 1.2( VE VK )

8, = .TOR = .96( VE o yE )
8o = .35R = .48( VE « /K )
A= ,25R° = ,46(HE 4 K) « .93 JEK

where S, = Length, in miles, of side parallel to base
So = Length, in miles, of side normal to base

R

W

If arc navigation is to be used, the largest possible rectangular
area of coverage will be as 1llugtrated in Fig. 3-7. Rectangular
areas (Figs. 3-6 and 3-7) also have the advantage of being far
enough from the ground stations to iIntroduce no serious trouble
from the inability to establish exactly the true photographic fly-
ing height.
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FIG. 5-0. ARRANGEMENT OF STORAN GROUND STATIONS FOR MAXIMUM

RECTANGULAR ARFA OF COVERAGE (ONE SIDE OF BASE LINE).

FIG. 3-7. LIMITATION OF MINIMIM RADIUS FOR FLIGET LINE NAVI-

GATION ON MAXIMUM RECTANGULAR AREA OF COVERAGE.
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Ground station arrangements for still larpger tracts will
depend upon the size and shape of the area and the layout of exist-
ing control. In such instances, an effort should be made to use
the areas on both sides of the base. Fig. 3-8 illustrates an ex-
cellent arrangement for three pairs of stations. With this idezal
layout, the entire state of Pennsylvania could be covered with
Shoran-controlled photography from about 20,000 feet. The best
station arrangement for any larpge area will ordinarily be an ex-
pansion of this basic 6-point solution.

%
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FIG. 3-8. SHORAN GROUND STATION LAYOUT FOR IARGE-AREA
COVERAGE.

5. Obstructions to Wave Path. Since Shoran waves travel in
approximately straight lines, hills and mountains along the pro-
posed route from the ground stations may lnterfere with signal re-
ception at the aircraft. In operations at nearly maximum range,
the wave path stays very close to the ground for a considerable
distance and, when the ground stations are above sea level, the
waves may even travel for some distance at elevationa lower than
those of the stations themselves. Before final selection of a
ground station position it may be necessary to determine whether
or not the wave path will clear various obstructions at critical
points along the proposed route. In rugged country it may even be
desirable to prepare a profile between the ground statlon and the
aircraft for comparison with the plotted position of the path.

The following formila 1s used to find the elevation of path at any
point:

h =K.HN-IK.M1- 53841 (M - M)

t
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vhere h = Height in feet above sea level of path at a

distance M; from ground station

K = Height in feet of ground station antemna
above sea level

H = Height in feet of aircraft above sea level

M = Distance in miles from ground station to air-
craft '

M; = Distance 1n miles from ground station to
obstruction

Values obtained by this method must be used with caution, since
the fornmla is only an approximation. Various phenomena concern-
ing electromagnetic wave propagation are not yet fully understood
and, therefore, preclude reliance in any method of predicting path
hoelight. Values from the formula are probably comservative, but
they should be accurate to within about 500 feet in elevation
under the conditions most likely to be encountered.

Another case that may often be encountered is illustrated
in Fig. 3-9. Here, the ground station position is fixed as a re-
sult of other considerations send an obvious obstruction limits the
maximm range to a smaller value than would be given by the formmla
of paragraph L, Chapter IT. It may still be desirable to know how
far from the ground station the alrcraft may work under given con-
ditions of flying height. This answer 1s given by solving the
provious height of path formula for M and substituting M = R.

- MAXIMUM RANGE —

PROPOSED FLYING HEIBHT—— — — — —— — — f— —— — — — — — — —

F¥IG. 3-9. LIMITING EFFECT OF AN OBSTRUCTION ON SHORAN MAXI -
MUM RANGE.
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Red [M -2.8522EYV. [2]1.05AE) M T2, 1.85(x - K)
vhere h = Helght in feet of obatruction
K = Hoelght in feet of ground station antenna above
sea level

H = Hoight in feet of aircraft above sea level
M; = Distance in miles from ground station to
obatruction
R = Maximum range in miles

When no maps are available from which to obtain the
height of the obatruction (h), observations of vertical angles at
the ground station site will furnish valuable information. The
tangent of the vertical angle then can be substituted for the

h -
(—'%Ml term in order to solve for range. Under these conditions

i1t may also be necessary to uase an estimated value for Mj. Care
ghould be taken to use the tangent as a negative quantity in the
event that the observed vertical argle is minus.

6. Final Selection of Ground Station Sites. A temtative
selectlon of ground station positions having the required geometric
and range relationships may be made from the work sheet. This
study, however, is only the first step. Ailr Force electronics
speclalists must make a further analysis to assure sultability from
the standpoint of radic reception. Since terrain conditlions in the
immediate nelghborhood of the ground station have a considerable
offect on Shoran transmission characteristics, an on-the-spot re-
connaissance of each site is normally required. It will sometimes
be found that terrain conditions are much more sultable at some
spot a short distance from a control point than they are right at
the marker itself. When this is so, the survey tie between marker
and antenna is usually a simple operation that will not prohibit
the use of the more desirable location.

A field examination of the various possible sltes is also
needed to evaluate thelr comparative merits as to accessibllity.
Easc of transportation is a major consideration both in the initial
placement of equipment and in the maintemance of adequate supplies
of food, water, gasoline, and replacement parts. As placement and
operation of ground statlions is an Alr Force responsibility, loca-
tions at,or near, alrfields are the most desirable. Normally, all
equipment is flown in cargo planes to the nearest airfleld and 1t
must then be hauled In jJeeps or small trucks to the statlon site.
This haul by surface vehicles should be kept to a minimum. Exigt-
ing triangulation points are often located on high ground, and for
this reason they may be very desirable from the standpoint of Shorsn

- |
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range. However, this same fact may limit the facility with vhich
tkoe nercessary equipment can be transported to the site. Ground
station equipment, together with radio equipment used in maintain-
ing commurication with the Shoran aircraft and base of operations,
woighs aboat 3,000 poundas. Considerable housekeeping equipment
will aiso be needed unless the site 1s located near a town or a
military establishment. The total weight of all equipment, living
facliitles, and provisions for about 2 months is close to 9,000
pounds. In an emergency, two men at each station can furnigh in-
termlttent Shorasn service, but the usual camplement is five. If
guarde are needed, the required complement will be still greater.
The length of time necessary to complete the mission at a station
will depend upon the required amount of photography and upon the
frequency with which good photographic days occur. If an extended
stay i1s needed and 1f the transportation route 1s difficult, the
supply problem may become serious.

Consideration aisc should be glven to the facility with
which commminications can be malntalned with headquarters and with
gources cf supply. In out-of-the-way places, the communications
radios muat serve this need; therefore, thought must be given to
the radio transmission characteristics of the station site. The
posalbility of obtalning telephone service should be considered
when the system l1s operated in populated aress.

7. Preparation of Flight Maps. The Alr Force units will
normal’y prepare the necessary flight maps although, where special
photography is needed, such maps may be included as part of the
specifications for photography. If arc navigation is to be used,
flight paths will‘'appear as arcs sbout one of the ground statlons.
Straight lire indicator flights will roughly parallel the Shoran
base. Flight maps supplied by the Corps of Engineers will be on a
scale suitable for showing the boundary of the area to be photo-
graphed , the desired flight paths, and the proposed ground station
sites. Winlle these maps may not be suitable for use during the
actual =erlal operations, they will serve as a basis for plamning
by the photographic unilt,




Paragraph

=

v O® 9 o W

10

CHAFTER IV

AERTAL PHOTOGRAPHY

Sub ject
General
Aerial Cameras
Recorded Information

Special Flight Plans for Use 1n Areas of
Limited Vertical Control

Control Point Photography

Shoran Crogs Flight Photography
Requests for Velocity Corrections
Installation of Aerial Camera
Specifications for Photography

Ind.exing‘

Page
53
53
Sh
55

56

60
60
60
63




23
CHAPTER IV

AERTAL PHOTOGRAPHY

1. General, The photography obtained during Shoran opera-
tions must meet specifications for mapping coverage. In all cases
tilt and crab should be held to & minimum, and forward overiaps
should be kept within the range of fifty-three to sixty percent.
Calibration of the camera level bubble should be checked regularly
to avold introducing any constant tilt into the photographic strips.
Flight 1ines mst contain a minimum of six exposures, since ths
mpping procedures require that the photography be scaled to the
best mean fit of several positions. When any part of a flight is
rejected, the unacceptable portion must be covered by a reflight
which overlaps each end of the acceptable portion by at least four
exposures. The specified lateral overlap between parallel flights
should be large enough tc guard against gaps in the coverage and
yet not unduly increase the number of required exposures. Where
visual methods of flight line navigation are to be used, a side lap
of twenty to thir‘, percent will be required, although the use of
Shoran navigation should reduce this requirement to about fifteen
or twenty percent. In addition, 1f the terrain is characterized by
large elevation differences and if a 6-inch focal length camera is
to be used, 1 percent should be added to the specified overlap for
each 1 percent of ground elevation difference when considered as a
percentage of the flying height. It 1s also desirable that vertical
deviations of the airplane be held to an absolute minimum. Shoran
computations are greatly simplified by assuming a constant flylng
height for large blocks of photographs, but thls can be done only
when the individual exposures are within about + 100 feet of the
mean,

2. Aerial Cameras. The use of a precision aerial camera is
an important part of the Shoran operations. Most areas to be
covered by this work will contain very little exlsting comtrol,
elther vertical or horizontal. Though Shoran furnishes only hori-
zontal positions, the final map &accuracy is largely dependenti upon
the ability to recover photo plumb points successfully. Frequently,
an effort will also be made to show contours or form lines on the
final map. For these reasons, the photography may have to be used
to bridge between widely separated vertical control points or even
to establish elevation differences from a knowledge of the altimeter
readings appearing on the recorder film. This type of work can be
accomplished by multiplex methods with a falr degree of satisfac-
tion but only when an accurately adjusted calibrated camera has
been used. Where a photogrammetric determination of flying height
mst be made for use in the reduction computation, a knowledge of
the exact calibrated focal length and frame dimensions is mandatory.
The Air Force Type T-5 or T-11 cameras are ideally sulted for Shoran

photography.
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3. BRecorded Information., The data appearing on the recorder
film supply a large part of the information used in computing the
Shoran position of each exposure station. In order for this infor-
mation to be of value, the film in both aerial and recorder cameras
mst have been exposed at the same instant and with exposure coun-
ters synchronized for proper cross reference. Even though the same
intervalomster operates all cameras (Shoran recorder, altlmeter re-
corder, and aerial camera), undesirable design features of the pres-
ent equipment would cause the recording film to be exposed at some
constant time interval later than that of the aerlal camera were it
not for the use of a delay clrcult between the recorder and the in-
tervalometer. The amount of time delay necessary varies wilth differ-
ent camersa-recorder-intervalomster combinations and, therefore, re-
quires the calibration and adjustment of each installation. It is
Important that this adjustment be called for in the specifications
for photography. Sometimes the counters may fail to operate proper-
ly and cause different numbers to register on simmltaneocus exposures
from different recorders. If this occurs, recourse must be made to
an examination of the time indicated on the navigation watches that
appear in all exposures. '

The mechanical linkage betwsen the timing unit and the re-
corder occasionally produces an even 1l0- or 100-mile errar in one
of the recorder distance readings. Any such errors usually are
introduced before the start of a mission and remain constant through-
out all exposures. To guard against map errors from this source,
the photographic specificatlons should call for a tabulation of the
dlistances indicated on the timing unit at the instant of one expo-
sure near the beginning and another near the end of each mission.
A later comparison of these manual readings with the recorded dis-
tances will indicate immediately whether a crmstant correctlon must
be made.

The recorders are designed for use elther with photography
or in the gathering of data for Shoran triangulation. The informa.
tion actually used In photogrammetric mepping is obtained from the
distance counters, the exposure counter, the altimeter, and the
data card. Each Shoran recording also shows a clock, a thermometer,
and a compass giving the heading of the aircraft, for use primarily
in the line-crossing operations. Recorders belng developed will
provide the following additional information:

a, Error meter.
b. Ti1t indicator.
c. Differential altitude.

d. Radio altimeter.

g
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©. Alr gpeed indlcator.

f. Psychrometer readings.

The error meter will furnish information concerning pip alinement
at the instent of each exposure and thus will permit corrections to
the Shoiran positions that will undoubtedly resuit in improved accu-
racy. Lf a tilt indicator with sufficient ascuracy can be developed,
it will orovide a simple method of recovering photo plumb points
without recourse to ground elevations. A knowledge of differential
altitude wd of radio altimeter readings may be of value in bdbridg-
ing or extending vertical control. The remaining additional read-
Ings are bPeing inciuded to supply moteorological data for use under
conditlions in which the utmost accuracy is reaquired. Since an al-
ternate selection of recorders may be avalliable to the photographic
unit, it is advisable to state requirements in the photographic
specifications. -

4., Special Flight Plans for Use in Areas cf Limited Vertical
Control. Since Shoran positions are effective as the photo plumb
peints, errors in tilt determinatior are reflected directly as
errors in horizontal pcsition. The following table llsts the plumb
point displacement irtroduced by tiit errors for photography from
various flying heights.

Plumb Point Diaplacement at Various Fliying Helghts

Tilt 5,000 Ft 10,000 Ft 20,000 Ft 30,000 Ft
Errcr (£t) (£t) (£t) (£t)
0% 05° 7 15 29 Lk
0% 10° 15 29 58 87
0° 30° bl 87 175 262
1° 0oG? 87 174 349 524
29 oc? 175 349 698 1048
%% 00 262 524 10L8 1572

A study of this table indicates the large emphasis tha®t must be
placed or the problem of tilt determinatlon. During the photographic
operation every effort must be made to keep the aerial camers as
near level as possible, especially in areas where the avallable
7ertical control 1s insufficient tc permii recovery of the plumb
points on a large percentage of the photcgraphs.

’

In order to eliminate these tilt errors as nearly as possl-
ble, a unique procedure requiring special thotography is used for
multiplex mapping of areas with scanty vertical conirol. Fig. k-1
illustrates the necessary layout of flight lines for an area coverage
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mission. The terrain 1s first photographed in the normal manner
with overlapping photos, parallel flight lines, and with Shoran
recordings obtained for each exposure. The necessary additional
photography conslsts of cross flights at Intervals of about each
slx exposures along the parallel coverage. Cross flight photogra-
phy should contain the usual fifty-three to sixty percent overlap,
and should be taken from approximately the same height as the regu-
lar coverage. Since flylng height differences are used in the de-
termination of tilts, it is necessary that the use of an accurate,
well-adjusted altimeter be specifled when this type of photography
18 requested.

The manner in which this specilal flight plan serves to
provide multiplex model orientation can be explained by reference
to Fig. 4-2. The two auxiliary flights (1 and 2) are first used to
obtain lines of correct relative elevations at each end of flight 3,
and at right angles to it. Flight 3 then is oriented in the direc-
tion of flight by use of altimeter readings, and in the tilt (Y)
direction by reference to the lines of relative elevations that
were established from the cross flights. Auxiliary flights must
always contain a minimum of six exposures and should preferably
extend at least three exposures beyond the center line of any flight
with which they are to be used.

Flight plans for other types of photogrammetric misaions
(control point, cross flight photography, and the like) In areas
with 1little or no vertical control are developed in the same general
way. All are based on the fact that qulite reliable values for the
tilt components in the direction of flight can be recovered if
values of flying height differences are kmown. This, in turn, per-
mits lines of relative elevations to be established along the strip
center lines.

5. Control Point Photography. The flight plan for control
point photography is shown in Fig. 4-3. Tilt recovery is facili-
tated by the flight line arrangement. The use of two strips also
permits a check on the resulting control point position. Each
flight must have the normal overlap of from Fifty-three to sixty
percent between photographs and must extend at leasat three exposures
on each side of the point of intersection. The angle between
flights 18 not critical and deviations of as much as 25° from the
optimum 90° can be tolerated. Since camera orientation probably
will not be recovered perfectly, increases in flying height will
increasse the position error. The magnitude of such errors, how-
ever, usually will be of very little consequence in the type of
work for which control point photography is sulted.

Sometimes the exact feature to be pin-pointed is covered
in the specifications but frequently only the general area is
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6 Exposures

€ Exposures
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in normal monner.

Jv

J

1,2,3,4,5,6 Represent ¢ of regular Shoran controlled mapping fHights.

7,8,9 Represent ¢ of auxiliory flights used in areas where oxist-
ing vertical control is insufficient to permit absolute orientation

FIG. 4-1. FLIGHT PLAN FOR USE IN SHORAN MULTIPLEX MAPPING
OF AREAS WITH LITTLE OR NO VERTICAL CONTROL.

SUF

orientation of flight 3.

Flight 3- ¢ of basic Shoran photogrophic strip.

1 8 2- ¢ of auxiliary flights used in obtaining absolute

— 3

FIG. 4-2. FLIGHT PLAN USED FOR OBTAINING ABSOLUTE ORIENTA-
TION OF ONE PHOTOGRAPHIC STRIP BY THE METHOD OF FLYING HEIGHT

DIFFERENCES.

o7
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Control Point

>¢_ of required flight strips
Y

1

4

FIG. 4-3. FLIGHT PLAN FOR CONTROL POINT PHOTOGRAPHY.

designated and the detall point 1s selected during a short alr-
borne reconnaissance Jjust prior to obtaining the photography.
Readily identifiable points such as stream intersections, pecul-
larly shaped lakes, and the like must be chosen so as to permit
easy recovery on both the Shoran and the basic mapping coverage.
Flights are then arranged so as to bring the detail polnt close
to the intersection of the two center lines. The density with
which control points are needed depends somewhat upon the map
accuracy requirements although a spacing of less than about every
30 miles is seldom warranted. Where greater map accuracy is re-
quired from the basic coverage and a closer spacing of points
would normally be indicated, Shoran-controlled cross flight photog-
raphy will be found to be the more satisfactory solution.

6. Shoran Cross Flight Photography. It may occasionally be
desirable to use Shoran in controlling areas for which existing
uncontrolled vertical photography is available. In these instances,
the Shoran photography will be flown in strips normal to the exist-
ing coverage and spaced at intervals of about each six exposures
along it. To be of value, the Shoran flights at each end of the
area must be positioned far enough ingide the boundaries of the
existing coverage to assure stereoscopic recovery of the pass
points that will be selected for control. It is also important
that forward overlaps in the cross flights be between fifty-three
and sixty percent. If multiplex compilation methods are conten-
plated and if insufficient orientation data are vallable,

> ¢
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————— Represents ¢ of existing uncontrolled vertical oerial photography.

Flights 1, 2,3 Represent ¢ of Shoran controlled vertical photography used in establishing
horizontal positions.

Flights 4,5 Represent ¢ of auxiliory Shoran photography for use in establishing absolute
orientation of basic Shoran tiights |, 2,3.

FIG. L4-k., FLIGHT PLAN FOR USE IN APPLYING SHORAN TO AREAS
WHERE UNCONTROLLED PHOTOGRAPHY IS AVAILABLE AND WHERE
VERTICAL CONTROL IS LIMITED.
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auxiliary flights at right angles to the basic Shoran flights
(parallel to the uncontrolled flights) will be required to establiah
orientation. Fig. k-4 1llustrates the proper layout of such a plan.
While the auxiliary flights must be unbroken for about three expo-
sures on each side of the basic control flights (1, 2, and 3 of Fig.
L-4) 1t 1s not necessary that they be continuous throu@out their
entire length. The auxiliaries will not be needed at all if suffi-
clent vertical control is available or if the existing photography
is accompanied with good altimster readings which will permit tilt
recovery at right angles to the control flights. Shoran cross
flight photography should be used only with uncontrolled photography
which meets specifications for good mapping coversge. It 1s espe-
clally important that the exlsting flights be free of breaks that
would prohibit bridging between the control strips.

Te Requests for Veloclity Corrections. Where a very high de-
gree of accuracy in positioning the photography with respect to
Shoran ground stations 1s required, velocity corrections as computed
from meteorological conditions at the time of operations must be re-
quested in the specifications for photography. Velocity tables in-
cluded in this manusl list the necessary corrections a.s based on

"average" conditions in the United States at about L40° latitude.
Distance errors introduced by use of these tables will amoumt to no
more than about 1 part in 20,000 for Shoran missions anywhere in
this country, even with maximum deviation fram an average atmos-
phere. When Shoran is being used in other parts of the world, it
may be necessary to consider these errors. Consultation with Air
Force meteorologists usually will reveal the posalible effects on
distance measurements at the time and place of the proposed oper-
etions. Since several methods for observing atmospheric conditions
are avallable to the photographic units, only the accuracy required
in the velocity corrections should be stated in the photographic
apecifications.

8. Installation of Aerial Camera. If the aerial camera is
located in the alrcraft at any position other than half-way between
the Shoran antemnas, an otherwise unnecessary correction must be
applied during later position computations. The required correction
is equal to the displacement of the camera from the mid-point and it
must be applied in a direction that is dependent upon the heading
of the alrcraft at the instant of each exposure. Requests for
photography should stress the need for camera installation within
at least a foot or two of the optimum positlon, 1f at all possible.

9. Specifications for Photography. The specifications for
Shoran photographic operations are best worked out In cooperation
with the Alr Force unit which is to do the flying. Complete coordi-
nation by means of constant lialson 1s required to assure maximum
utilization of the control data. Requests for photography should
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include the following information (as requirements concerning
aerial photography will vary with the mission at hand, the list is

not necessarily camplete in this respect). Notes in the margin re-
fer tc chapter and paragraph numbers where detailed discussions may

be found.

a. An outline of the area to be photographed
on the best available map, in triplicate.

p. Type of mapping camers to be used.

c. Required photo scale or flying height,
with allowable tolerance.

d. Required forward and side overlap.
6, Maximm allowable tilt and crab.

f. Aerlal and recorder film required.
g. Number and kind of prints desired.

h. Period during which work is to be
performed .

1. An indication of existing ground control
and desired sites for Shoran ground stations.

Jo Accuracy required in locating and
referencing Shoran ground controi statioms.

k. Whether or not base line length 1s to be
establighed by the Shoran line-crossing method.

1. Requirement for synchronizing exposures
of all aserial and recording cameras.

m, Requirement for installing aerlal camera
reiative to transmitting and receiving antemnas so that
no error results, or for supplying a correction factor.

n. Request for the following datag

(1) A statement as to which ground sta-
tion each of the mileage counters refer.

(2) Delay of each ground station (Gg) .

(3) Airborne timing oscillator
frequency (F).

ITT

ITT

II

II

6




(¥) Airboms zero readings (R;) £' start II -5
of each mission or when operators are changed » ring
a mission.

(5) Chart or table of velocity correc- II -6
tions (V), if applicable.

Chart or table of timing non- IT -5
linearity corrections (Crp) .

(7) Corrections for separation of air- II -5
borne transmitting and receiving antemnas (Cp,) .

(8) Manual readings of dimtance counters IV -3
at instant of one exposure near the begimning and
the end of each migsion.

(9) Correction for installation of Iv -8
asrial camera (D), if applicable.

(10) Information needed for correlating v -3
asrial and recording camera exposure numbers.

(11) True flying heights (H), 1f VI -1
applicable.

(12) A Shoren operational log reporting
operational detalls of the camera, recorders, and
alrborne Shoran set.

(13) Exact aerial camera focal length v -2
and frame dimensions betwsen opposite flducial marks.

0. Any other facts pertinent to mission.

A liaison officer from the Corps of Engineers should be
available to the Air Force organization to follow the progress of
the serial photography and to explain the photographic requirements
to the Air Force umit, if necessary. A lialson officer from the
Air Force organization accomplizhing the photography should be
available to the topographic wnit from the dslivery of the film
through the planimetric compilation stage to explain Shoran data
and photography, if necesaary.

A typical set of specifications for Shoran-controlled
area coverage photography is included in Appendix B. It represants
the type of work that can be requested under peacetime conditions,
in aress where adequate ground sites are available, and where opti-
mm operating efficiency can be maintained.
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10. Indexing. Proper indexing of the aerial and Shoran re-
corder film Is extremely important. The information appearing on
the data cards of both the mapping and the recorder cameras must be
sufficiently detailed to permit positive cross reference, and any
data noted by the camersman and the Shoran operator should be kept
with the film as an aid to later mapping operations. After the
negatives have been processed, much of the information gathered by
the camersmsn is inked upon each end of the film rolls by the Alr
Force photographic laboratory as a permanent record. Details of
these film titles are prescribed in FM 21-25 and in Air Force regu-
lationa. As a safeguard against separation, the 35-mm recorder
film should be wrapped around its corresponding aerial film roll
go tpnat both will be filed in the same container.

Upon receipt of the guick prints by the Engineer topogra-
phic unit, an index of the aerial photography is prepared. This 1s
best prepared by assembling a rough shingle mosaic with prints
trimmed to image edge on three sides but maintaining the recorded
data wnere a T-5 or similar camera was used. In area coverage mis-
sions with auxiliary cross flights, 1t is better to indicate the
approximate centers of the cross flight prints by prominent clrcles
or crosses since the use of the actual photographs would confuse or
cover information needed later in* the map compilation stage. Large,
easlly read mumbers are placed on each print, the appropriate title
information is placed adjacent to the assembly, and the entire index
is photographically reduced to a convenient size. Prints made from
the negative will serve for practically any purpose. Latitude and
longitude lines are usually drawn on some of the prints after the
coordinates of a few well-placed photographs have been computed.
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CHAPTER V

COMPUTAT IONB

Bubject
General
Inverse Computation
The Shoran Reduction Formmlas
Tabulsation of Recording Film Data
Determination of Reduction Correction, C,
Yeloclty Correction
Geodetic Digtances from Shoran Readings
UIM Positions from Reduced Shoran Distances
Correction for Installation of Aerial Camera
The Shoran Grid

Conversion from Geographic to Shoran
Position
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CHAPTER V
CQMPUTAT IONB

1. Gemeral. Mapping with Shoran-controclled aerial photog-
raphy requires a number of computational steps in the conversion
fron basic distance readings to usable map coordinates. Printed
forms are provided to insure efficiency and consistency of method.
Mileage counter readings are first corrected for instrument cali-
bration errors and then reduced to geodetic distances through the
use of ground station elevations and the best available valus for
aircraft flying height. Next, the reduced distances, together with
the length of the Shoran base line, are used in camputing the posi-
tion of each 8Shorar point. In the usual case where positions of
ground statlonsg are known, coordinates of each point are cumputed
on the standard Universal Transverse Mercator grid. However, this
chapter also includes an explanation of the special Shoran grid for
use in areas where the sbsolute location of the grownd sitea has
not been established.

The varlous camputation forms covered in this chapter, to-
gether with a ghort explanation of the way in which each one fits
Into the Shoran mapping procedure, are as follows:

Shoran
Form No. Title Use

1 Inverse Computation, Esteblishes length of Shoran
U™ Grid base line between points of

known. coordinates.

2 Shoran Reduction Provides major correction in
Correction, C, reducing frcm Shoran readings

to geodetic distances.

3 Shoran Reduction Campletes the reduction to

goodetic distance.

4 Computation of Magter sheet for use with Form
Coofficients 5. (Only one computation needed

for each palr of Shoran ground
stations.)

5 UTM Position from Provides UIM coordinates for
Reduced Shoran plotting of Shoran points.
Distances

6 Shoran Grid Provides coordinates for plot-
Coordinates ting on Shoran grid.
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Shoran
Form Ko. Title Use

AM8 Form Universal Tranaverse Converts from geographic to UIM
No. 3-134 Mercator Grid Coordi- grid coordinates.

nates
AMS Form Geographic Coordl- Converts from UIM to geographic
No. 3-141 nates from UI'M Grid ocoordinates.

Coordinates

The converslons between UI'M and geographic position, which are per-
formed on standard Army Map Service forms, are not peculiar to
Shoran mapping but an explsnation of thelr solutions may not , 88
yot, be readily available in other publications. The last para-
graph of this chapter covers the computations involved in adding a
geographic graticule to maps that were originally compiled on the
Shoran grid. This necesaity might arise if Shoran ground stations
were tied into a trlangulation network at some time after mapping
operations were begun. A supply of printed forms will not de needed
in this latter case because of the infrequency with which solutions
are redulred.

Computations should be performed by the methods presented
herein. Form No. 5 1s self-checking; all other work must be
thoroughly checked to avold possible time -consuming delays in later
steps of map compilation. Although each form is straightforward,
the illustrated examples should be followed until proficiency is
galned. Work is designed for solution on calculating machines hav-
ing 8- or 10-diglt keyboards and, where trigonometric functions are
required, T-place natural tables may be used. Tables peculiar to
Shoran computations and thoge not readily available to topographic
units are included in Appendix C. All other tables, including those
required for UIM grid computations, can be obtained from the Army
Map Service. Requests for these data muat include a designation as
to the reference spheroid for which tebulations are desired.

2. Inverse Computation. The first step in the computations
will be to determine accurately the distance between the two Shoran
ground stations. This distance is obtained by means of the inversse
or back computation if the horizontal position of each growmd sta-
tlon is known. Where the grownd antemnas were placed exactly over
triangulation stations, the coordinates may be taken from existing
trig lists. Otherwise, positions must be determined from survey
notes supplied by the photographic unit. The required distance
computation is performed on Shoran Form 1, Inverse Computation,
Unlversal Tranaverse Mercator Grid (Fig. 5-1), and although the
form is self-explanatory, the following points will prove helpfuls

k—-—--—.—-—-—----—-f
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—BHORANFORM MO |
INVERSE COMPUTATION
UNIVERSAL TRANSVERSE MERCATOR GRID
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FIG., ©-1. INVERSE COMPUTATION. UTM COORDINATES.
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(1) The westernmost ground station 1s always desig-
nated Station A.

(2) Subscript AB denotes the mid-point of the line
AB.

(3) N and E designate northing and easting coordi-
nates on the UMM grid, Ny is the northing of point A; Eg 1s
the easting of point B, and the like.

(4) Values of the quantity, XVIII, are obtained
from Army Map Service technical manuals, UM Grid Tables for
Latttude 0°-80°. They are dependent upon the northing of the
point and the spheroid to which the published map 1s to be re-
ferred.

When the horlzontal positions of the ground stations are
given as geographic coordinates, they muat be converted to UIM co-
ordinates béfore making the inverse camputation. The solution 1s
made on Army Map Service Form No. 3-134 (Fig. 5-2) . A detailed
account of the computational procedure is glven in AMS T™ No. 19,
Universgal Transverse Mercator Grid, currently being rewritten as an
Ky Field Manual.

In Shoran.-controlled mapping operations such great dis-
tancee are covered that it is possible for the grownd stations to
be situated in different grid zones, or for the ground stations to
be in one zone and the area being mapped to be in another. Where
peints are so located, their positious. should first be transformed
to coordinates of the zone contalning the ares that is,to be mapped.
The aforementioned AMS technicsal manual discusses the procedure for
meking thls somveraion,

3. The Shoran Reduction Formulss. Shoran dial readings ob-
tained from uhe recorder film must be corrected for instrumental
and propagetion errors, and then be reduced to map distances, be-
fore tre map coordinates can be determined. The necessary formulas
are given below:

M=8-C; 4Cp - AM

C1#=le2e¢3ehe546-7-8-9

AM = [2,3920 s(10™ 358;3(3-1) . 6-’”'555%3 “K)B]AH

where M = Ground or geodetic distance in miles
S = Uncorrected Shoran distvance reading In miles
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FIG. 5-2. UNIVERSAL TRANSVERSE MERCATOR COORDINATES,
Cr = Timing non-linearity correction in miles
A M s Differential distance correction (in miles)
regulting from flying height deviations of
individual exposures from the mean of the
mission
Cy = Correction (in miles) composed of the
- " following termss - '
1 = 2,3920 S(H + K) 10’)‘L
2
o = 1.7935(H - K)
. S
_1,608%(E - K)*
3 = =L
g3
h' = v3

5=F 293,105 . g

o
t

=Gg ¢+ Ry ¢ Cpp - 100.0000 = Constant temm
consisting of corrections for ground
station deley{ « (Gg - -1800) ], airborne
zeroing { - (99.8200 - R,) ], and separa-
tion of airborne antennas [JCAA]
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(V3 -V,) 8 (10"*)

Correction for aaswmption that the Shoran

ray path has a constant radius, regardless
of its helght above sea level.

O ®
[ [ S | B |

H = Corrected msan flying height above sea level,
expresged 1n 10,000-foot wnits

K = Elevation of ground station antemma above sea
level, expressed in 10,000-foot units

AE = Deviation of individual flying heights from the

mpan, expressed Iin 10,000~foot units

F = Actual timing frequency in cycles per second

Vi, Vo, and 75 = terms of velocity correction, in

miles

G3 = Ground statlon delay, in miles
R, = Observed zero of airborne set, in miles
Cpa = Correction for separation of alrborne antemmss,
In miles

These formulas are ldentical to those presented in Chapter II, par.
7, but here the expressions have been further expanded and insig-
nificant terms have been eliminated to permit greater ease in com-
putation. It will be noted that terms 1, 2, 3, and 7 of the expres-
glon Just glven correspond to the first four terms of the equation
of Chapter II; the velocity correction (V of the Chapter II ex-
pression) is made up of terms 4 and 8; the calibration corrections
(C of Chapter II) are covered by terms Cp, 5 end 6; and term 9 1s
equivalent to B in the originsl equation.

Nearly all of the unknown guantities in the reduction
formulag will be furnished by the Air Force photographic umit as
called for in the specifications for photography. The ground sta-
tion delsy (G) , timing frequemcy (F), observed zero (R,), and cor-
rections for separation of alrborne antenmnas (Cpp) are all constant
for any one mission. Timing non-linearity corrections (Cp) will be
furnished in the form of tables or curves. If velocity corrections
have been requested, they will be supplied in the form of tables or
curves based on atmospheris conditions at the time of photography.
The values then will replace terms 4 and 8 of the reduction equa-
tion. If standard atmospheric conditions are to be assumed, cor-
rections are taken from Tables I, IT, and ITI of Appendix C. Term 9
is set forth in Table IV of Appendix C. :

The true mean flying height (H) either must be determined
by the photogrammetric method of Chapter VI, or must be supplied by
the photographic wnit. Differential flying heights (AH) are

&




FIG. 5-3. FIIM HOLDER FOR SHORAN FIIM VIEWER.

FIG. ©-%. SHORAN FIIM VIEWER WITH FIIM HOLDER.
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established fram the altimeter readings. The required ground sta-
tion height (K) can be taken fram trig lists if the antenna was
placed over an existing station; otherwise, it must be determined
from survey notes. It should be noted that unless unusual field
conditions were employed, 50 feet must be added to the ground ele-
vation to account for the height of the antenna msast.

4. Tabulation of Recording Film Data. Distance readings
from the aircraft to the ground stations at the insten* of each
aerial exposure are contained on the film of the 35-mm Shoran
recording camers. Barometric altimeter readings are obtained from
the altimeter recording film if available; otherwise, values are
taken from the Shoran recorder. The viewer shown in Figs. 5-3 and
5-4 18 used in reading the necessary values directly from the re-
cording film negatives. The viewer is essentially a magnifying
glass to which has been added a film holder and a light source of
varlable intensity. To facilitate the placement and remcval of the
film holder from the viewer itself, the bottom cover of the viewer
1s taken off and the screw which forms the stop is removed from iko
condensing lens pivot. This permits the condensing lens to be ro-
tated through 360°. It will also be helpful to remove permanently
the black metal magking screen that is located on the under side of
the lens. During tabulation of the recorded data, maximum effi-
ciency is achieved if one person mskes the necessary readings and
another records them. Upon completion of the listing, the opera-
tors exchange places and all values are reread as a check.

Standard Corps of Engineers nomenclature for the viewer
is "Film Viewer, 35 mm f£ilm strip, for vertical or horizontal trans-
parencies, without film holder, with case, Leitz model B or equal.”
Standard nomenclature for the holder is "Film Holder, 35 mm f£1lm
strip, winding, for Leitz model B desk viewer."

Occasionally, simultaneous exposures of the aerial,
Shoran, and. altimeter film will not carry the same numbers and so
correlation will be difficult. Often, this problem will have been
caught and straightened out before receipt of the film by the map-
ping unit. However, the possibility of mistakes, or at least of
confusion, from this source should be recognized and a quick check
should be made by comparing numbers at the start and finish of each
flight. Should trouble appear, correlation usually can be
established by checking the time intervaels on the clocks that show
in all three recording films.

The first tabulation will be that of flying height as in-
dicated by the altimeter readings appearing either on the Shoran or
separate altimeter recorder f£ilm. No special form 1s used for this
listing. Values to the nearest 20 feet are tabulated opposite the
exposure mmber of each photograph to be used in the map compilation.
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FIG. 5-5. SHORAN REDUCTION CORRECTION C.
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Flying heights for different missiorns are tebulated separately,
since varylng meteorological conditions between missions could
cause the average reading to differ considerably, even though the
actual exposure heights were the same. (One mission 18 considered
to be a group of exposures ithat were taken consecutively from the
same alrcraft over one area and on the same day) The mean altimeter
reading of the mission is next computed and its value is recorded.
A discussion of methods for converting from barometric to true fly-
iIng helghta is given in Chapter VI. Once established, the value is
listed in the upper part of Shorar Form 2 (Fig. 5-5).

This listing of altimeter readings also Indicates the
megnitude of the individual flying height deviations. Exposures
that deviate from the mean by more than 1CO feet are noted, and the
amount and sign of the deviation is determined by subtracting the
mean value from the indlvidual readirgs. Varlations to the nearest
100 feet and expressed in 10,000-foot units are tabulated on Shoran
Form 3 in the columns headed &AM, using the upper half of the blocks
as shown in Fig. 5-7. Since flying height differences affect the
distance from each ground station to the aircraft, the deviations
must be entered in both A M coluwrz:. The tabulation of mileage
counter readings to the nearest .00L mile is also made on Shoran
Form 3 under the columms headed "Shoran Reading.” Information re-
ceived with the photography must indicate the ground stations to
which the readings refer.

5. Determination of Reduction Correction, Cy. The C; tem
of the reduction egquatior 18 computed on Shoren Form 2 (Fig. 5-5).
A separate gheet is used for distances from each ground site.

Space 1s provided at the top of the form for the name of the ground
station, mission number, and the tabulation of all calibration and
other constnts needed in the computation. The value entered for
mean flying helight must be the true value as determined by one of
the methods of Chapter VI. The ground statlon elevation represents
the height of the antenna whkich, in most operations, is on a mast
50 feet above the ground level. During the machine computations,
maximum efficlency is attained by - ing in each column completely
before passing on to the next ter -

I+ 1a not necessary to compuve correction C; for each
Shoran reading; Iinstead, an equally accurate but more rapid method
is used. The minimm and maximum dial readings from the aircraft to
one of the ground stations are obtained from an examination of the
tabulatlion cn Form 3. Corrections sre then computed to four decl-
mal places at 5-mile intervals, starting at the even 5-mile value
below the minimum reading and extending to the S5-mile value beyond
the maximm reading. C- corrections thus obtalned are plotted
against dlstance on greph paper and & smooth curve 1s drawn through
the points (Fig. 5-6) . The scale of the graph should be such that
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corrections can be plotted directly to .0002 mile, and distances
can be read to the nearest mile. Corrections for individual
Shoran distance readings are then obtained from this curve to four
decimal places and are entered in the appropriate column of Form %.
The determination of C; for distances measured fram the other
ground station is identical, but it is performed separately.

.1810

Ci (MILES)

1490 + a..*z

100 108 o 1He 120 28

SHORAN DISTANCE (MILES)

FIG. 5-6. TYPICAL C, CORRECTION CURVE.

Since the correction does not change very rapidly, the
curve is uwsually rather flat; as a consequence, it may sometimes
be advantageous to record the corrections to the nearest .0002
mile and then determine the limiting distance values of each.
Space 1is provided on Form 2 for such a tabulation.

The determination of correction C; at 5-mile intervals
will usually be sufficient. However, when the difference between
any two successive corrections, as computed above, is greater than
.010 mile, one or more intermediate points must be determined.
Occasionally, it may even be necessary to compute the correction
at l-mile intervals over short distances in order to meet this
restriction.

When the correction curve is too large for one sheet of
paper, it should be broken into segments containing at least five
computed points and plotted on separate sheets. Graph paper having
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20 graduations per inch 1s preferred to larger scales, as it pro-
duces a more compact curve.

6. Velocity Correction. The Shoran velocity correction in
the reduction formula 1s camprised of three terms, Vy, Vo, and Vs,
for which tables based on the N.A.C.A. moist atmosphere are glvem
in Appendix C. Because of varying atmospheric conditiona, however,
the use of such standard tables may introduce errors of as much as
1 part in 20,000 in Shoran distance measurements. Where greater
accuracy 1s required, velocity corrections determined from meteoro-
logical soundings at the time of photography must be requested from
the Air Force photographic wnit. If the total velocity correction
is furnished in the form of a graph, the values taken from the
curve should be entered in colum 8 of Shoran Form 2 and alge- -
braically added to the other terms. Colum L (VB) is then left
blank.

T. Geodetic Distances from Shoran Readings. The reduction
from Shoran to true ground distance is determined by the formulasg

M=S-C) ¢Cp -AM

The necessary computations are performed on Shoran Form 3 (Fig. 5-7).
Space is provided at the top of the form for noting the controlling
ground stations and the mission data. First, the exposure numbers
are listed irn the left-hand column. Next, the Shoran readings and
C3 correctlons for distances from both ground stations are tabulated
in appropriate colums on both halves of the form (paragraph 4).
Timing non-linesrity corrections are taken from curves or tables
that were worked up from calibration data and supplied with the
photography. Term AM, the correction for the deviation of individ-
ual flying heights from the mean, need be computed only when devia-
tions of 100 feet or more are encountered. The necessity for com-
puting this term wlll occur so seldom under normal conditions of
peacetime flying that no space is allotted for its solution. The
necessary fomula is shown at the top of the form. When the correc-
tlons are required, computations are performed on a separate sheet
and only the answers are tabulated in the lower half of the blocks
on Form 3. The final step converts the reduced dlstances to meters
to conform with later grid requirements in metric units.

8. TUIM Positions from Reduced Shoran Distances. The computa-
tion of UTM grid coordinates 1s performed on Shoren Forms 4 and 5.
Form LI establishes a set of coefficients that are constant for amny
given palr of ground stations. Consequently, the computation need
be made only once for any area controlled by the same two ground
sites. Form 5 is used for the actual determination of coordinates.




REDUCTION FROM SHORAN MISSION Xecdy Afhs. Cole
TO GEODETIC DISTANCES
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Cy* TIMING NON-LINEARITY CORRECTION Sz SHORAN READING
aMs [zmo 800 ¢ 15‘5 HK) ‘_‘__333__.)_"-"’] aM I MILE = 1609.347 METERS
AMs CORRECTION FOR DEVIATION FROM MEAN FLYING HEIGHT
&H » DIFFERENTIAL FLYING HEIGHT IN 10,000 FT.UNITS (TRUE MEAN)
EXP. FROM GROUND STATION A FROM GROUND STATION B8
SHORAN GROUND DISTANGE [ SHORAN
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COMPUTED BY__C.C.&4.  DATE . JAMercsh /930 CHECKED BY___ AN~ _ OATE ZAferch /fd0

FIG., 5-T7. REDUCTION FROM SHORAN TO GEODETIC DISTANCES.
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a. A worked example of the master computation, Form &4,
is siown in Fig. 5-8, During 1ts solution the following points
should be noted:

(1) Terms XVIII and I are taken from standard UTM
grid tables. The particular tables employed must list values
for the reference spheroid that has been designated for use in
the area belng mapped.

(2) Tne solution should always be performed by at

least two separate operators so as to guard against carrying
errors into later computations.

b. Fig. 5-9 i1llustrates the solution of Form 5. The
top row provides space for listing the numbers, aor other designa-
tions, 'of the points for which coordinates are desired. The reduced
Shoren distances from each of the ground stations (M and M) are

taken from Form 3 and multiplied by the constant .9996 x 106 be-
fore enicring the values as steps (1) and (2) on the farm. Subse-
quent steps are indicated in the second column. For example, in
step (3), the quantity tcbulated for step (1) is first miltiplied
by the coefficlent ay from Form 4 and this product then is multi-
plied by the number 2. It should be noted that steps (9) and (10)
require the selection of signs which depend upon the location of
the points with respect to the Shoran base line. Both of these
signs will remain constant throughout any one mission and so the
two that are not to be used can be crossed out before work is begun.

Lines (17) and (18),supply the ground position of the
point on the airplane that is halfway between the airborne antennas.
On most aircraft the aerial camera will have heen installed very
near this mid-point (Chapter IV , par. 8) and so these values repre-
adent the final coordinates. Occasionally, however, the camera loca-
tion will be such as to require a displacement correction and steps
(19) through (22) will have to be filled in. The necessary compu-~
tations are explained in paragraph O.

Steps (23) thro (30) provide a check for the computa-
tions. If lines (29) and (30) fail to agree to within about 1
meter, the work must be re-examined to locate the error. It is
well to make the whole coordinate and check computation for the
first point of each mission separately and completely before pass-
ing on to the remeining points. This assures that no gross errors
will be made in the use of coefficients or placing of decimml
points. After this, maximum efficlency is attained by computing
each line all the way across the sheet before golng to the next
line.
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SHORAN FORM NO 4

COEFFICIENTS
FOR USE WITH

COMPUTATION OF UTM POSITION

FROM

N, = 4, $89 9/7 92

REDUCED SHORAN DISTANCES

MISSION_Hochky MYy, Colo

DATE ‘L6 dory/ (2t

Meters

Ny, = €370, 6427  Meters
F(NA+Ny) s 524 292.6  Meters

STA. A (Westernmost) CAarenre  STA. B (Easternmost) Zmperso/  SPHERIOD Ciacde Md€

Eg= 70572492  Meters
E, = S8, 7/2. 24 Meters
W = 279 679.3 Meters

XVIIT AND I FROM AMS TM, UTM GRID TABLES FOR LATITUDE 0° - 80°

I(l "

(1] YgoNg 1076 5. 409 3/7 # l(m C, =12 (B + (10 (9) .969 32/
(2] Va2 Ny 1078 v.558 667 7 0@ cort2)-(91-010-(8) - 295 7%
(3) | Xg=(Eg-500,000) 106 285 734 « 1% VIO for N, ol/2 3/2
(#) | X,e(E, ~500,000)-10-6 or# 72 2 fuerx =S 487, 229
()| avs(n-(2 - oss 750 ¢ |in|F & .00# 10¢
1| axe(3)-(@ 271 022 2 lue|c 2. um 008 208
N ,/(5)24.(5,2 279 606 2 JU9|D =(19):(#) o000 18/
(8) g% 969 299 7 leolle «2- (9 000 262
3 - 245 882 6
L] 2 [en] @09 000 002
2
(0)| X for SN +Ng) | .oz2 373 Iez)lu Bl +@ne 7 .000 002
[(3)+z-(4;)]-(5)-uo) - 000 088 3 |m,|°°..”“,w,.°.. 279 Sor

(12)

/.000 o000 0

COMPUTED BY
DaTE TMoreph (93502 = DATE S Morcsd /950

A M~

CHECKED BY

L.

TG, 5-8, COMPUTATION OF COEFFICIENTS - UIM POSITION FROM
REDUCED SHORAN DISTANCES.
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P = POINT AT WHICH SHORAN POSITION IS EFFECTIVE
T = POSITION OF AERIAL CAMERA IN AIRCRAFT
(o}

= PT= DISPLACEMENT OF CAMERA FROM POINT MIDWAY BETWEEN
SHORAN ANTENNAE (SKETCH ILLUSTRATES FORWARD DISPLACE -

MENT)
Z = GRID AZIMUTH OF AIRCRAFT HEADING
ANz D cos 2 AE =D sin Z

FIG. 5-10. DETERMINATION OF CCRRECTION FOR CAMERA DISPLACEMENT.
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9. Correction for Installation of Aerial Camera. Camsra in-
gtallation corrections need to be computed only when the displace-
ment from the mid-point between airborne antennas 1s great emough
to affect map accuracy. For instance, it would be a waste of time
to conslder a 2-foot displacement when computing coordinates for
map control at a scale on which it was impossible to plot to any
closer than about 10 feet. In most military mapping operations,
corrections should be computed when the displacement is greater than
1 meter.

Fig. 5-10 illustrates the method to be used for determin-
ing the displacement correction. Once the mid-point position of
the antennas has been determined, the camera coordinates are
established by the formulas

N = NP & AN
E=Ep+ AE
where Np and I::p = UTM coordinates of point midway

between Shoran alrborne antennss
AN 2D cos Z
AE sD sin 2
D = Digplacement of serial camera from the mid-
point of the antennas in meters
Z = Grid azimith of alrcraft heading

The quentlty, D, is assumed to be positive when the camera is for-
vard of the mid-point between antennas and negative when the camera
is toward the tail of the aircraft. The grid azimuth, Z, is deter-
mined by correcting the compass heading, as read from the Shoran
recording film, first for magnetic declination and then for con-
vergence of the UIM grid.

Magnetic declination of the compass is determined from an
isogonic chart. The convergence correction is dependent upon the
mean latitude of the area being mapped (@) and the distance, in de=-
grees, from the cemter of the area to the central meridlan of the
grid zone. Values are listed in Fig. 5-11. In the Northern Hemis-
phere, convergence corrections are added to the compass readings if
the area 1s west of the central meridlan and subtracted if 1t 1is to
the east; salgns are reversed when working in the Southern Hemis-
phere. Mistakes Introduced by the possibls 3election of wrong alge-
braic signs can be avoided if a diagram sir _ar to that shown in
Fig. 5-10 is drawn for each missgion.

Usually, the compass heading of the aircraft remains con-
stant, within the limits of a few degrees, for each photographic
flight, and consequently, a mean heading cen be used to determine
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congtant corrections for coordinates of each photograph in that
strip. If individual headings vary from this mean by more than
about 5°, however, separate corrections must be computed for the
coordinates of the corresponding photographs. The refinement of
the correction is dependent upon the magnitude of the camera dis-
placements; that 1s, the smaller the displacement, the less 1s the
precision with which aircraft heading must he estsblisghed.

Digtance from
Central Meridian
-~

dm 10 | 2° 30
10° 10
20° 1° 1°
30° 1° 1° 20
40° 1° 1° 20
50° 1° 20 20
60° 1° 20 30
70° 1° 20 20
80° 1° 20 z0

FIG. 5-11. CONVERGENCE CORRECTICN, UIM GRID.

S8ince these corrections seldom will be needed and since
Just one computation per flight willl often be sufficient, no form
is provided for the solution of AN and A E. When required, the
work should be performed on a geparate sheet of paper and the re-
sults entered in lines (19) and (20) of Shoran Form 5. The correc-
tions then are added to lines (17) and (18) to obtain the final
polnt coordinates.

10. The Shoran Grid. In areas where geodetic positions of
the ground stations are unknown, the resulting maps will provide
relative position only, and must be published without positive In-
dication of latitude, longitude, or direction. The base lins
length is determined by the Shoran line-crossing method (Chapter
II, par. 10) and plotting is done on a special "Shoren Grid." This
grid is based on a so-called doubly equidistant projection and has
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FIG. 5-12. THE SHORAN GRID.

the property that distance from any point on the map to either of
the ground statlons can be obtalned as though on a plane. Dis-
tances between other points will not be absolutely true but over
the comparatively small area of a normal map sheet, such errors
will be negligible. Fig. 5-12 illustrates the Shoran grid. The
origin of coordinates (X = 0; Y = 0) is at the westerrmost ground
station and the X-axis 1s the line passing through both ground
stations. This permits plotting sheets to be lald out by con-
structing a simple rectangular grid in metric units to the desired
working scale. Shoran control can then be plotted on sheets that
have been numbered to correspond to the area in which work is to
be accomplished.

Grid positiona of the exposure stations are determined
with the aid of Shoran Form 6 (Fig. 5-13). Space is provided at
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SHORAN FORM NO. 6
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MISSION 2Zoechy s, Celo.

SHORAN GRID COORDINATES

GRCUND STATION A (Westernmost) -CASYINOg, Stia,
GROUND STATION B (Eosternmost) <R2eccal, b

OATE S facl/ /9¢8 SHEET L _OF 4L .

M, = DISTANCE FROM GROUND STATION A
Mg * DISTANCE FROM GROUND STATION B

cal. wt
X' s Mf %ow
Y s /(u,i’-(x‘? Y = Y +AY

DISTANCE STATION A TO STATION 8 = W s __275, 6/9. 9 METERS

eWs _I59 . 298. 6 wie 78, /3¢, 952 000

84X AND AY = CORRECTION FOR DISPLACEMENT OF AERIAL CAMERA FROM POINT MIOWAY
BETWEEN AIRBORNE ANTENNAE (ZERO FOR MOST AIRCRAFT INSTALLATIONS)

} FROM SHORAN FORM 3

X s X'+aX

GROUND DISTANGE
EXP. IN METER x' Y ax | av x
JO 760,777,/ | 2702074 | 35 94/ 2 |/50,85/.7
( R/6£. 0720 |27/,699./ |I6,002 35 754, 2/8.5
32 1/67.424. 6 270./799. 2 | 56,969.3 /57 €6/9.9
COMPUTED BY __ AN~ DATELS AMec /950 CHECKED BY_S. € <. DATE L Mor /950
FIG, 5-13. SHORAN GRID COORDINATES.
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the top of the form for entering the names of the ground stations
and the length of the base line, The reduced Shoran lengths, My
and Mp, are extracted from computations on Form 3 and entered oppo-
site the appropriate exposure numbers. Since the computation of X!
and Y' can be performed in the calculating machine, no space is pro-
vided for intermediate steps. Care must be taken, however, to place
the decimal points correctly. The signs of the X coordinates are
established in the computations. Signs of the Y coordinates are
always positive and, because of the nature of the projection, numer-
ical values increase in both directions from the base. The mapping
organization alweys will be sufficiently well-acquainted with the
area to know the relation of photography to ground stations and so
no trouble should be experienced in establishing the proper direc-
tion of the Y-axis.

The X' and Y' coordinates represent the final Shoran posi-
tions except for rare missions where the aerial camera was displaced
more than about 1 meter from a point midway between the airborne an-
tennas. Displacement corrections for the Shoran grid are computed
in a manner similar to that discussed in paragraph 9 for the UTM
grid., In this case the formulas become:

X =Xr 4AX
Y = It OAY
where X' gnd Y' = Shoran grid coordinates of point midway

between asirborne antennas

AX =D gin Z
AY =D cos 2
D = Digplacement of aerial camera from mid-point
of antemnas 1in meters
Z = Shoran grid azimth of aircraft heading

The grid azimuth, Z, is determined from the compass heading of the
alrcraft as shown on the recording film, the magnetic declinationm,
and the azimuth of the Shoran base line. Since absolute positions
of the base line terminals are not known, the grid azimuth cannot
be established accurately. However, its direction usually can be
scaled from an existing map or otherwlse estimated to the required
accuracy of one or two degrees. A gketch like the one shown in
Fig. 5-10 mst be drawn to assure the selection of the proper signs
for all variables. Corrections can then be computed and entered in
the appropriate colums of Form 6.

11. Conversion from Geographic to Shoran Position. On rare
occasions it may be desirable to add a geographic graticule to maps

that have been compiled on the Shoran grid. This can only be done,
however, after the geographic positions of the ground stations have
been established. The procedure involves computing the Shoran
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coordinates of even 1-, 5-, or 10-minute (depending upon map scale)
intersections of latitude and longitude, plotting the positions on
the Bhoran grid, and then commecting the points with straight
lines. The resulting graticule is a doubly equidistant projection
based on the two ground stations and, within the small area cover-
ed by a normal map sheet, differs very little from more common
projections. If the map is published in this form, appropriate
notation should be made in the legend.

The first step of the computation requires establishing
the geographic coordinates of both ground stations. This may
nscesgitate a conversion from UIM coordinates on Army Map Service
Formm No. 3-14l (Fig. 5-14). A camplete discussion of the method
is given in AM8 T™ No. 19, "Universal Transverse Mercator Grid."
The next step is to determine the value of six coefficients which
are to be used in the actual position computation. Fig. 5-15
1llustrates the required solutiomn. Coefficients are constant for
any given palr of ground stations and, consequently, must be com-
puted Just once. Coordinates of the individual points are deter-
mined by the solution shown in Fig. 5-16. Printed forms will not
be needed because of the infrequency with which the method will de
applied. No difficulty should be encountered in the solution 1if

Figs. 5-15 and 5-16 are followed carefully and if the following
points are noted:

GEOGRAPHIC COORDINATES FROM UNIVERSAL TRANSVERSE MERCATOR GRID COORDINATES

Station _Frownd Sretror A Location _Choyenne, #yo
Zone /3 Spheroid ___C/@rAe /086  Unit Shoran TSwcriorn
E| s/4i7/2 2# a always positive (+) N | #5568 667 75
FE |~50000000 | |.or# 72 2« N
3 /4 .7/2 24 | v |.000 216 45 B 4,558 667 73
“ |.000 002 18 | VN0 g2 912 525
@ |.000 000 05 | uminy i 91830
& e IT : -
interpolating Nin (D, @' | #/° 10 SSF68 X #2922 055
T eleso s3e e 444 874K 63/ ¢80
e | L siras P | 374Xl ig0s "
@] 2i22/i669 @ oss 78] 5| ‘000"
g::) 'i46/ ’ (VI0)q. oo ' 0440/” AN Gecaran) 65/ E‘ 7o "
(VI I oF (M- 00 o000’ m—n AN 07 20 rer9’
......... De 0o.00 Cential Meridian, N.|7O0F° 0o  00.000 "
LATITUDE, ®|¢/ " ,0' s2087 LONGITUDE, A [/o¢ #9' 2852/
Date Computed S M2 /950 8y _ANL Checked by _ C.C. 4

FORM MO 3141
CORPS OF EMGINEERS U 5 anuy 204475

FIG. 5-l4. GEOGRAPHIC COORDINATES FROM UM POSITION.
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COMPUTATION OF COEFFICIENTS (K'S)

FOR USE WITH

POSITION COMPUTATION, GEOGRAPHIC TO SHORAN
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a. Factors A', B, C, and F are dependent upon the
reference spheroid and are obtained frim tables using the latitude
as an argument. For the Clarke spheroid of 1866, logarithms of the
values are obtained from U. S. Coast and Geodetic Spec. Publ. No. 8,
"Formulas and Tables for the Computation of Geodetic Positions."
Terms must be converted to their natural form for use in the machine
computation.

b. The numerical values of terms eKp2 and #Kp,2 will
always be plus (4) and those of terms p' and - p2q2 wih always
be minus (-). The values of terms X 2y and ¥K)y2 may be either
plus or minus depending upon the sign of term q.

¢c. Distances are listed in kilometers rather than in
meters as employed ususlly in other Shoran computations.
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CHAFTER VI
FLYING HEIGHT DETERMINAT ION

l. Gemeral. The geometry of the formula for reducing Shoran
measurements to geodetic distances calls for the trus flying height
of the aircraft at the instant of each exposure. In the mapping
application, however, where the Shoran position of several photo-
graphs must be computed, the solution is greatly simplified if a
constant equal to the mean flying height 1s used in the camputation
of all exposures. This simplification produces no significant
errors ln the final results except in those few ingtances where in-
dividual exposures deviate from the mean by more than about 100
feet. In these, small corrections must be applied to the corres-
ponding distances.

The face of a barometric altimeter with pointers reading
to the nearest 20 feet appears in each altimeter recorder exposure.
A second, though less accurate, barometric altimeter appears on the
Shoran recordsr film and can be used where altimster recorder val-
ues are unavallable. Altimeters of this type, however, are simple
anerold baromsters calibrated to read correct altitude above sea-
level only wmder an assumed standard atmospheric condition amd, for
this reason, the indicated reading can be in error by as much as
1,000 to 2,000 feet, or more. The instrument does, however, give
falrly rellable readings for Fflying height differences; consequent-
ly, true mean fiying height is determined by other methods, and the
difference between the true height and that indicated is applied as
a correction to any individual exposure recording for which the true
height i1s needed. The following methods are avallable for establish-

ing true flying height:
a. Meteorological observations.
b. Readio altimeter carry.
Co Phot.ogranmetric.

2. Meteorological Observations. One method of establishing
the necessary flying height is through computations based on mete-
orological observations made at the time the photography is flown.
Briefly, the method consists of computing the thickness of air
layers between successive pressure levels as indicated by readings
of temperature, pressure, and humidity. By adding these thicknesses
together, the altitude corresponding to any pressure can be deter-
mined. The mean altimeter reading is then converted to 1lts basic
Pressure level value, and the corresponding altitude is taken from
the meteoralogical computations. In some cases, the upper alr data
gathered regularly at Air Weather 8S8ervice or other goverrmental
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weather stations will be sultable. At other times the use of a
speclal weather observing airplans will be required. The proper
method of gathering the necessary data will be determined by the
Air Force unit, and the necessary corrections will be supplied with
the aerial photography, i1f called for in the specifications.

3. Redio Altimeter Carry. In some special cases the "radlo
altimeter carry method may be used to determine true flying height.
This method requires the simultansous recording of readings from
both the barometric and radio altimeters as the mapping alrcraft
flles over an area of known elevation. The radio altimeter reading
plus the elevation of the datum area gives the true flying height
above gea level. Thereafter, the barometric altimeter provides in-
formation concerning flying height differences. Upon completion of
the mission, the plane sgain flies over the datum area to take read-
ings of both Instruments, thereby furnishing a means of adjusting
the barametric values for temporal varlation in height of the pres-
sure level. Any needed correction for pressure level gradlent be-
tween the reference area and the photographed area is oblained from
standard level cherts published by the Weather Bureau or the Air
Weather Service, The radio altimeter carry method, then, provides
a way of callbrating the barometric altimeter so as to eliminate
the need for meteorological obaervations at the time and place of
photography. It algo permits "carrying" these elevations for quite
some distance from a datum area to the area to be photographed.

A limitation*of this method is the fact that a rather
large flat area must be used for reference, since the altimeter
beam covers a cone of aeveral degrees and, in rough terrain, it is
likely to indicate dlstance to some high peak instead of height
above the point directly beneath the aircraft. Large lakes of
known elevation or sea water make ideal reference areas and, if
avallable, should produce rellable results. Although no past tests
have permitted an evaluation of its accuracy, it is possible that
this application may prove useful in specific cases.

k., Photogrammetric Methods. Photograxmetric procedures
offer a third method of eatablishing true flying height, provided
one or two identifiable points of kmown elevation appear somewhere
in the mapping photography. The method is somewhat similar to the
radio altimeter carry method, in that flying height above the datum
1s first determined and then added to the datum elevation in order
to establish exposure height. As before, flylng height differences
are taken from the recordings cf the barometric altimeter. Any
photogrammetric determination of height above datum requires the
availablility of sufficient ground control to permit a graphical or
analyticel resection of the exposure station. Where several con-
trol points appear in one serial photograph, flyilng helght may be
established by any one of the seversl existing methods. Multiplex
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methods, however, offer the simplest and most direct solution and,
in the Shoran application, require the availability of only a single
datum elevation point. Shoran positions computed with the best
avallable estimate of flying height give an approximate scale, fol-
lowing which, a special "BZ" curve method can be used to level the
models without recourse to ground points. With absolute orienta-
tion established in this manner, exposure height can be determined
from the camera frame size and focal length, end the elevation of
one datum point in the model. However, to be of value, the camera
congtants must have been measured with high precision and, for this
reagon, the use of an accurate, well-calibrated mapping camera is
mandatory in areas where photogrammetric methods. are .o be used.

5. Flying Height Determination by Multiplex Methods. Cor-
rectly oriented multiplex models represent an accurate, true-to-
scale miniature of conditions at the instant of the aerial exposures.
If dlapositives could be made from asrial negatives umaffected by
film shrinkage and used in projectors having a principal distance
of exactly 28.182 mm (specifications permit a tolerance of $.015 mm
in this setting) then the height of the emergent node of the proJjec-
tor lens above any point within the model would represent the ex:uct
acale helght of the photographic airplane sbove the corresponding
point on the ground. Under these conditioms, flying height could
be established by measuring the vertical distance of the node above
a point of known elevation, dividing by the model scale, and adding
in the height of the datum point. The emall errors of film shrink-
age and proJjector principal distance will normally introduce no
significant error in maps compiled from the models, but they may
cauge sufficient error in flying beight determination to affect
adversely the computed Shorem positions. To circumvent this possl-
bility, flying heights are determined through a comparison of
accurately determined camera constants with the size of the pro-
Jected diapositive after absolute orientation has been accomplisaed.

a. Flg. 6-1, which 1llustrates the theory of flying
height determination by this method, represents one projector of &
correctly oriented multiplex model, and shows a tilted axls corre-
sponding to the tilt assumed to have been present when the original
exposure was made. The line AE represents a horizontal plane
through A, the datum point of known elevation. The vertical dlsvmance
0B (= P) is the height of the projector ncde above the datum plane
and is the true scale flying height above datum under the assumed
conditions of exact principal distance and nz f£ilm shrinkage. OC
i1s the principal axis of the projector and GJ is an imaginary p.ere
at right angles to OC and positioned so that OC = OB = P. The dls-
tance, d, across the dlapositive between opposite fiducial marks
corresponds to the distance D in the imaginary plane GJ. From the
goeometry of the figure it can be seen thatg
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The distance D can be measured by first reading the elevation of
point A, then leveling the proJector with the tip and tilt screws,
and finally measuring the distance between opposite fiducial marks
in the plane of the Initlal reading of the datum elevation.

The multiplex reduction printer is desligned to give
a reduction of the multiplex dlapositive from the aerial negative
iIn the same ratio as principal distance of the projector is to call-
brated focal length of the aerial cemera (TM 5-244) . This mesns,
then, that the following ratio is obtaineds

M. E
a £
where M = Camera frame size between opposite fiducial
marks

d = Diapositive image size between opposite
filducial marks

F = Calibrated focal lengt’. of aerial camera

f « Nominal principal distance of multiplex
pro Jectors

If this formula is combined with the one previously developed, the
following formmla for projJection distance 1s obtalneds:

D
P-M-.F

This formula gives the actual scale flying helght and is independent
of errors caused by film shrinkage. True exposure height is deter-
mined by dividing the quantity, P, by the model scale and adding
the elevation of the datum point. The true focal length, F, and
camera slze, M, will be known, since they are called for in the
specifications for photography.

b. The first step in multiplex flying height determina-
tion will be to select a strip of five or six models within which
one or more identifiable points of known elevation eppear. A datum
point near the principal point of one of the photographs is desirable
in order to minimize any possible errors resuliing from an inabillity
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FIG. 6-1. THEORY OF MULTIPLEX FLYING EEIGHT DETERMINATION.

to level the model perfectly. The entire strip is then placed in
the multiplex and leveled as & unit. Cross flight photography and
the special BZ curve method are used where insufficient control is
available to "strip level" in the conventional manner. The strip
is then carefully scaled to the Shoran pesitions corresponding to
the two end photographs. In this scaling operation, the displace-
nments of the true from the indicated photo plumb points are taken
into accowmt by the methods outlinmed in Chapter-VII. Shoran posi-
tions are then computed, using the flying height value read from
the recorded altimeter plus any correction it may be possible to
estimate. The work sheet plotting scale 1s selected so as to pro-
duce a projection distance as close as possible to 360 mm

(TM 5-24L) .,

Next, the model containing the datum point is indi-
vidually leveled to existing vertical control, if available, or
if not, by tipping the multiplex bar so as to level the portion of
the BZ curve through the model in question (Chapter VII). With
absolute model orientation thus established, the tracing table
reading of the datum elevation point is noted and recorded. The
projector having its principal point nearest the datum point, is
then leveled with the tip and tilt screws, using the multiplex
nadirscope (Fig. 7-4) for reference. The projected diapositive
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size can now be measured in the plane of the datum elevation.

Meoasurement of the proJected frame dimension 1s made
by resetting and locking the platen at the previous tracing table
reading of the datum point. The dot of light 1s placed first at
one and then at the opposite image edge near the fiducial marks and
the points are proJjected to the work sheet by dropping the pencil
voint. Frame dimensions in either directlion may be used, but the
length in line of flight cen usually be msasured with greatest
accuwracy. This operation is very exacting, and must be performed
vith the utmost care. It may even be desirable to replace the pen-
cll with an accurately centered metal point during this step. Mea-
surement of the distance between the plotted points 1s accomplished
with a beam compass and meter bar. Readings are recorded to the
nearest .02 mm. Exposure height is then determined by substitution
in the following formulag

H
MS

where H = Exposure height above sea level, in feet

D = Projected diapositive size (in millimeters)
in the plane of datum elsvation

M = Camera frame size (in millimeters) between
opposite fiducial marks and corresponding
to measurement of projected diaposlitive

S = Horizontal model scale, expressed as a
representative fraction

F = Calibrated focal length of aerlal -amera,
in millimeters

A = Elevation of datum point above sea level,
in feet

Of course, if the altimeter readings show a deviation from the mean
for the particular exposure used in this determination, a corre-
sponding correction must be added in order to establish the true
mean flylng helght of the entire mission.

d
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CHAPTER VII
MULTIPLEX BZ CURVE ORIENTATION METHODS

AND RELATED AUXTLIARY EQUIPMENT

1. The BZ Curve Method. Multiplex operations involving
elther flying height determination or, later, map compilation re-
quire absolute orientation of the models in units of about seven
Projectors each. Since Shoran control is effective at the photo
plumb points, it i1s necessary that orientation be sufficiently accu-
rate to insure proper recovery of these plumb points. Multiplex
equipment furnishes reliable horizontal accuracy throughout an ex-
tension of seven exposures, but the accrued error in projection tilt
will usually become too great to permit the use of the indicated
projector plumb points in scaling to the Shoran positions. The BZ
curve provides a means of overcoming this difficulty. In areas
where identifiable vertical control is avallable at each end of the
strips, leveling can be accomplished by adjusting the handwheels
and foot screws of the multiplex frame until the best average fit
to the points is obtained. The BZ curve method is then needed only
to find the displacement of the true photo plumb points from the
projector plumb points. Frequently, however, Shoran mapping opera-
tions must be conducted over areas where very little control, either
vertical or horizontal, exists; hence, the problem of establishing
proper horizontalization becomes important. Under these conditions
the BZ curve method also provides a means of strip leveling in which
only the differences in exposure heights, as indicated by the baro-
metric altimeter, are used.

In the extension of multiplex models fraom a correctly
oriented starting model, it is usually found that the height of ad-
Jacent projectors gradually decreases, even though the aircraft
flying height remained constant throughout the entire strip. This
pheniomenon, at least In part, results from the distortion introduced
by the particular aerial-camera--reduction-printer combination used
In making the diapositives, and from the position on either side of
the flight line at which parallax was removed from the models. If
projector helght is plotted against distance along the flight line,
and a smooth line drawn approximately through the points, a BZ
curve of the type shown in Fig. T7-1 will result. An exaggerated
vertical scale is used to emphagize the curvature. Any slight de-
viatlion of the plotted heights from a smooth curve is probebly a
result of small variations in projector principal distances, or of
differences in the way parallax was removed in the different models.

a. The actual preparation of a BZ curve requires the
measurement of the height differemces, and of the horizontal spac-
ing of a group of projectors that have been brought into correct
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relative orientation. (The latter is done by the removal of paral-
lax and tieing together the models by bringing common pass points
along the flight line to the msame elevation.) Extreme care must be
taken at all stages in the operation, and it is especlally important
that parallax be removed at the same distance above and below the
flight line in all models. In places where no vertical control is
available, the first model is leveled as nearly as possible, using
estimates of the height of terrain features. The remaining five or
six models are then "tied in" and the strip is adjusted to an
approximate working scale by fitting the principal points of the
end proJjectors to their corresponding Shoran positions. If true
flying height has not been established at this point, Shoran posi-
tions are computed from the best available estimate, usually based
on readings of the recorded altimeter.

The BZ curve for this orientation can now be prepared.
Either of the end projectors 1s selected as the starting point and -
its position is taken as the origin of coordinates of the graph.
Plotting is best done on graph paper having 10 by 10 squares to the
inch, using a horizontal scale of 1 inch on the graph equal to 200
mn on the work sheet, and a vertical scale of 1 inch on the graph
equal to 2 mm in projector height. The sbscissas are determined by
spotting the projector plumb points with the mmltiplex nadirscope
and scaling distances along the flight line from the first projector
with an ordinary millimeter rule. Ordinates are established by tak-
ing multiplex height gage readings to the top of the boss of each
projector, and then subtracting the reading of the starting projec-
tor from that of the others. It is also necessary that a correction
be applied to the height of any exposure for which the recorded
altimeter shows a deviation in flying height from that of the start-
ing projector. The amount of the correction is equal tc the eleva-
tion difference converted to millimeters at the model scale and, &8
a result, the plotted position must be moved up in cases where the
exposure helght is lower then that of the first projJector. A gmooth
curve, that passes as nearly as possible through all the plotted
points, is drawn. Slight deviations of the points from the curve
are permissible i1f exact coincidence would tend to introduce uneven-
ness.

b. This initial curve shows the approximate strip orl-
entation (in 1line of flight) as based on the estimated horizontall-
zation of the starting model. The entire strip can now be leve.ed
in the X, or ™tip," direction by adjusting the handwheels at each
end of the freame so that the ordinates of the BZ curve are the same
at the two points representing the end projectors. This means that
the end projectors will be brought to the same height above the
table, after consideration is given to the correction for flying
height differences and to any small correction resulting from the
fallure of the curve to pass exactly through the plotted positions.
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The final BZ curve can now be prepared in exactly the same mamner
as the first. Fig. 7-2 illustrates a "level" BZ curve of this type.
In actusal operations the end projectors are adjusted to the same
elevation, plus any correction for flying helght difference, im-
mediately after bringing the strip to approximate scale. In most
Instances, this produces a level curve at the first attempt, since
only rarely will a smooth curve fall to pass through the end points.

The level BZ curve is assumed to represent the pro-
file of a horizontal ground line through the multiplex models.
Elevations directly bemeath the end projectors are taken as being
true, and elevations at other points along the flight line are cor-
rected by subtracting an amount equal to the ordinate of the curve
at that point. In this mammer, a line of correct relative eleva-
tions can be established along the flight iine of any strip. Polnts
on either side of the center are likely to contain rather large
errors, however, unless the model level in the tilt (Y) direction
can be established through reference to wide flat rivers, large
bodies of water, or other reliable elevation features. To overcome
this limitation, the flight plan illustrated in Fig. 4-1 1s usually
used in areas with little or no vertical control. This arrangement
of flight strips permits the establighment of lines of correct rela-
tive elevation at right angles to the normal mapping photography
and at intervals of about every five or six models. The regular
parallel flight strips can then be leveled in the tip directlon by
the BZ curve method and in the tilt direction through reference to
the elevation differences established along the center lines of the
cross flights.

c. Another application of the BZ curve 1s 1ts use in
finding the displacement between the true photo pilumb point and the
point directly beneath the projector lens as indicated by the multi-
plex nadirscope. Where the models can be individually oriented,
these two points are the same. In strip orientation, however, the
fall-off in projector helght also introduces a "false tip" which
must be analyzed and corrected ir the course of scaling to Shoran
control (Fig. 7-2 jllustrates the method used). The false tip in
any proJjector 1s the angle between a horizontal line and a tangent
to the curve at the point representing the projJector. The displace-
ment between the true photc plumb point and the indicated projector
plumb point is equal to the projection distance tlmes the temgent
of the angle of false tip. In practice, the projection distance is
found by measuring the vertical distance from the model surface at
the indicated plumb point to the top of the projector boss, and then
subtracting the distance from the emergent node of the lens to the
top of the bosse In thls operation, the height of the top of the
boss™ “bove the emergent node may be considered a constant of 3.89
mn for all Amy projectors. The taugent of the false tip angle 1s
merely the slope of the line tangent to the curve expressed as a
ratio of ordinates to absclssas.

_
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159-4-117
FIG. 7-3. MULTTPLEX HEIGHT GAGE WITH ATTACHED INDICATOR DIAL.
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Proper orientation of the multiplex strips requires
adjustment of the scale so as to obtain the best average fit of all
photo plumb points to their corresponding Shoran positions. Be-
cause of the presence of false tip a new scale point must be spotted
for each plotted Shoran position so as to permit use of the indi-
cated projector plumb points. With the normal "concave downward"

BZ curve the displacement of the new scale points will be smallest
at the center of the strip and will increase toward the ends. The
direction of this displacement from the plotted points will be out-
ward from the center and along a line parallel to the line of flight.

d. Occaslonally, the BZ curve may take the form of =
straight horizontal line and, in rare instances, may be concave up-
ward. Under such conditions the spame general principles still apply,
but care must be tsken to alter the sign of the elevation and dis-
placement corrections accordingly. It should also be noted that
different operators may not secure identical BZ curves from exten-
sions of the same strip, nor will the same operator always duplicate
his first curve when orienting a strip for the second time. In
elther case, however, the final net results should be about the
same. It is, therefore, necessary to redraw the BZ curve and com-
pute a new set of corrections at any time a strip must be oriented
for a second time.

2. Multiplex Height Gege. Vertical distances needed in multi-
plex operations are made with the height gage and indicator (feeler
gage) shown in Fig. 7-3. The instrument is calibrated to read in
millimeters on one side of the rule and in inches on the other. A
vernler permits direct readings of .02 mm or .00L inch, though only
the millimeter readings will normslly be used in multiplex work.
The primary functions of the height gage are the measurement of
height differences to the tops of the projector bosses and the
establishment of vertical distance from the tracing table platen to
the top of a proJector boss. Since the rule is calibrated from an
arbitrary datum, only height differences and not heights asbove the
surface on which the base is set can be obtained.

The dial indicator 1s attached to the horizontal stud of
the height gage vernier and the switch lever is adjusted so that
the pointer rotates as pressure ig applied to the under side of the
ball feeler point. This feeler point can be adjusted to almost any
convenient angle but the setting must remain constant throughout
any series of measurements. Readings to the top of any surface are
then made by adjusting the vernier until the indicator dial reaches
a pre-selected constant reading. In this manner, a constant pres-
sure 1s applied in the measurement to all surfaces and a true height
difference is assured. In order to read to the top ¢f a rounded
surface such as the projector boss, the entire gage is moved slight-
ly back and forth so that movement of the indicator dial will reveal
the high point on the surface.
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FIG. 7-5. RADIRTOPE ATTACHED TO MULTIPLEX TRACING TABLE.
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3. Nadirscope. The nadirscope (Figs. 7-4 and 7-5) 1s used
to find the point vertically below a multiplex proJjector lens.
Standard Corps of Engineers nomenclature is "Nadirscope, Photogram-
metric, for Multiplex Tracing Table." It consists of a finely
etched cross suspended directly over the dot of light in the trac-
ing table platen. Moving the table around until the dot of light
is centered in the shadow of the cross brings the table directly
under the projector lens and permits the plumb point to be marked
by dropping the pencil point. The instrument may also be used in
leveling a projector since the principal point and nadir point are
coincident when the projector is truly level. In this operation
the tracing table is first set at the projector plumb point and the
tip and tilt screws adjusted until the principal point 1s centered
over the dot of light.

In attaching the nadirscope to the tracing table a bind-
ing of the sliding parts may sometimes be encountered as a result
of variation in the spacing of the vertical colums. The use of
thin shims will ordinarily relieve this situation. Once in posi-
tion, it can be left in place since the cross hairs slide out of the
way when not needed. When the nadirscope is in use, the frame is
locked into position with the knurled screw and the tracing table
platen lowered so as to give the greatest possible distance between
cross hairs and shadow. It is also necessary that the centering be
checked from time to time to insure that verticality of pencil,
point of light, and cross hairs remains true. Any necessary adjust-
ment 1s started by msking sure that the pencil is exactly centered
under the dot of light with the platen at 1its lowest position.

Next, the plumb point of a projector is plotted. The entire tracing
table is then rotated through 180° and the plumb point is again
plotted. Any displacement between the two plotted points represents
twice the centering error and must be removed by means of the ad-
Justing screws of the nadirscope. Exact centering is achieved by
repeating the procedure wntil coincidence is obtained. As a final
check, the cross hairs should be moved out of position and then
back and the test re-run to be sure that the frame always returns

to the same position.

FPY R EEF RN F FEFEF B B E B B




Paragraph

o

® 3 O W F W

CHAFTER VIII

MILT IPLEX MAPPING

WITH AREA COVERAGE PHOTOGRAFHY

Subject
General

Preparation of Plotting Sheets

Strip Orientation

Ad justment of Strips to a Common Datum
Plotting

Preparation of the Geographic Graticule
Use of BZ Curve in Plotting Topography

Map Accuracy

13
13
11k
11k
116
16
n7
118




———

—

CHAPTER VIII

MULTIPLEX MAFPING

WITH AREA COVERAGE PHOTOGRAPHY

1. General. The nature of Shoran control is such that mmlti-
plex scaling cannot be accomplished in the normal mamnmer. Various
random errors inherent in present equipment preclude absolute reli.
ance on any one point, even when sufficlent vertical comtrol is
avallable to permit positive recovery of the photo plumb points.
Maximum accuracy 1s obtained by scaling the nadir points of all
photographs in the area to the best average fit of the correspond-
ing Shoran positions. In this way, part of the random error is
averaged out so as to produce a map with greater intermal accuracy
than could otherwise be expected. The desired results are obtained
by first orlenting the photography in strips of five to seven models
each and scaling to the beat mean fit of the Shoran positions. Pass
points common to adjacent strip units are them spotted along the
edges of the plotting sheets. Finally, the several sheets compris-
ing one work area are matched along the grid lines and common detail
points are examined for coincidence. Pass points can then be graph-
ically adjusted to remove any evidenced intermal) position or scale
disagreemsnt. Once these corrections have been made, campilation
of map detall is accomplished in the conventional msmmer.

2. Preparation of Plotting Sheets. Shorsn points are norm-
ally plotted on grid though occasionally the Shoran grid
will be employed. In elther case, the general procedure will be
the same because both are rectangular grids. Spacing of the grid
lines will depend largely upon the scale to be used in the multi-
Plex operations, though a distance of from four to six inches on
the plotting sheet is usually desirable. For exsmple, an interval
of 2,000 meters will be found satisfactory for plotting scales of
approximately 1317,000.

To facllitate the plarming of sheet layout, the UIM grid
should be constructed on one copy of the photo index. This can be
done with sufficient accuracy by noting the coordinates of the cen-
ters (plumb points) of corner photographs, interpolating for the
intermediate even grid values, and comnecting appropriate points
with stralght lines. The line interval should correspond to that
used on the plotting sheets and the grid drawn in light colored ink
80 as to provide good comtrast with the dark index. A geographic
grid representing borders of the published map sheets can be added
by computing the UIM coordinates of the necessary intersections and
then comnecting the plotted positions.

The control extemsion sheets should be of some stable,
transparent medium such as acetate. Btandard nomemclature for this
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materiel is "celulose acetate, translucent Eastman Safety topogra-
phic acetate sheeting." Each sheet must be large enough to include
all detail within the strip and extend sufficiently far to pemit
the matching of the grid intersections with those of adjacent sheets.
Sheets are laid out roughly parallel to the flight lines, with proper
grid orientation and numbering of the lines establighed through
reference to the photo Index. If only a emall number of sheets is
required, the grid may be constructed individually on each sheet.
Frequently, however, greater efficiency will be attalned by con-
structing one master grid and then tracing the otheras, varying the
numbering and orientation as required by the individual sheets.
Extreme care must be taken in this tracing operation to avoid ser-
lous drafting and parallax errors. After the grid has been drawn,
the Shoran points corresponding to each photograph of the strip are
plotted and the plotting 1s checked by a separate draftaman. The
sheet is then ready for use by the multiplex operator.

3. Strip Orientation. Since the recovery of true photo plumb
points is of great Ilmportence in scaling to Shoran control, prime
consideration must be given to establishing correct multiplex pro-
Jector tilts. It is also necessary that the photography be set in
strips of several models so as to enable scaling to the best mean
fit of several polnts. Parallax must be carefully removed and all
models "tled together" by bringing common pass points to the same
elevation reading. In areas where sufficlent vertical control is
avallable, the umit is strip-leveled by reference to points in each
corner. Otherwise, leveling is accomplished through the use of
cross flight photography and the BZ curve method discussed in
Chapter VII.

Wher. proper strip orientation has been established and
the BZ curve drawn, points to which the strip is to be scaled are
plotted by laying off the distance between true and indicated pro-
Jector pilumb points along a line parallel to the line of flight
(Chapter VII). The strip is then scaled so as to obtain the best
average fit of indicated plumb points to thelr corresponding modi-
fied Shoran positions. Several trials are often necessary before
the best average fit ia realized.

Pass points common to adjacent flighte are next picked
along the ends and sldes of the strip. As later steps require the
orientation of individual models for detail complilation, care must
be taken to spot at lesst four horizontal points per model. If
ground vertical control is wmsvailable, it will also be necessary
to pick sufficient vertical pass points to permit releveling of the
separate models. The elevation of vertical points, of course, must
be corrected for slope of the BZ curve. .

4, Adjustment of Strips to a Common Datum. It will usually
be found that the poasitions of common pass points as plotted from
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ad jacent strip units will fail to colncide perfectly when the
sheets are matched along the @rid lines. Adjustment of the units
80 as to remove these inconsistencies will facilitats plotting
oporations and also help to average out further some of the ran-
dom Shoran error. This step is accomplished through the prepara-
tion of a sketch similar to that shown in Fig. 8-1. Herc the dis-
crepancies between units, as indicated by the nass points, are
shown to same convenient scale and used as a guilde to indicate
where slight movement or rotation of somne of the units would tend
to improve the over-all continuity of the map. The sketch is vre-
pared on cross-section paper and arranged so that the line separc.-
tion is squal to some even wmit of pass point discrepancy. The
use of 10 by 10 to the inch cross-section paper with a scnle of 1
m on the map equal to 0.1 inch on the graph paper will prove
satisfactory. The rectangular arsas representing the strip units
are not, of course, shown to the same scale.

The adjustment is riade by moving the pass points on the
plotting sheats after a study of the working skelcéh has indicated
the proper amount and direction. For example, in Fig. 8-1 the
pass points in the umit containing exposures 21 through 25 should
be moved so as to correspond both to a clockwise rotation and to a
movement of the entire unit to the right. Every point in the
strip must be moved so that, in effect, the net result represents

I%Z %4 123

FIG. 8-1. NON-UNIFORMITY OF OVER-ALL DETATL ORIENTATION AS
INDICATED BY PASS POINTS PICKED FROM ADJACENT STRIP UNITS.
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only a shift of the area with respect to the grid lines. Next, the
pass points in the wnit contalning exposures 48 through 51 are moved
80 as to Introduce a slight downward displacement and the wmit with
exposures 52 through 57 is moved slightly upward. Finally, the
strips having exposures 92 through 100 and exposures 102 through 112
are given a small clockwise rotatlion in order to bring the left hand
one-third of the total area into coincidence. Pass points in the
center and right-hand thirds are then adjusted in a somewhat similar
manner 80 as to produce the desired uniformity throughout the entire
area. Occasionally, as in exposures 1lh through 118, a scale ad-
Justment within one unit may be indicated. At other times the
agreement between strips may be such that no manipulation of the
pass points will be required.

The actual adjustment procedure followed in any particular
area is somewhat arbitrary and depends upon the skill and experience
of the operator. Different operators will not necessarily produce
identical results. However, experience has shown that the result-
ing improvement in position agreement between adjJacent models defi-
nitely increases the ease with which compilation can be performed
and produces improved accuracy in the final map.

5. Plotting. Multiplex detail plotting of the Shoran-
controlled map is no different from that of other type meaps. BSome-
times, the models will be drawn individually using sheets on which
the adjusted control has been traced. At other times, the sheets
used during the scaling operation will be supplied. Where contours
or form lines are to be drawn, the models are leveled either to
ground control or to the pass points obtained by the BZ curve method
outlined in paragraph 7 of this chapter.

6. Preparation of the Geographic Graticule. The geographic
graticule normelly will be edded to the map menuscript after com-
pilation has been completed and prlior to reproduction operations.
Line spacing depends upon map scale. Usually, each five or ten
minute 1ine of. latitude and longitude will be shown. Where ground
station positions were known and the UIM grid was used for plotting
the Shoran control, this is accomplished by computing and plotting
the grid coordinates of appropriate intersection points and then
connecting the points with straight lines. Occasionally, where
later survey operations have positioned the growmd stations, 1t
will be possible to add a geograsphic graticule to maps originally -
compiled on the Shoran grid. The procedure needed to compute the
coordinates of even intersection points under these clrcumstances
is covered in paragraph 11, Chapter V.

Several errors in the Shoran system tend to introduce a
mean error in the positlons established on any one mission and, in
effect, cause a shift of the entire area with respect to the grid.
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If, however, one or more identifiable points of horizontal control
are avallable within the area, the greater part of this error can
be removed by redrawing the grid in a slightly displaced location.
During map compilation, the model positions of all control points
are spotted and theilr coordinates are scaled from the multiplex
sheets. The mean displacement of these multiplex positione from
their corresponding true locations as tabulated in trig lists, can
then be used as a correction for redrawing the map grid.

T. Use of BZ Curve in Plotting Topography. In most photo-
grammetric mapping at scales of 1:100,000 and larger, an effort
will be made to show the topography. Although Shoran control pro-
vides horizontal position only, some of the methods used ih estab-
lishing correct proJjector tilt will prove useful in establishing
the model orientation required for contouring or form lining in
areas where ground vertical control 1s scarce or even non-existent.
Orientation in this manner does not produce the accuracy attainable
from ground points but does permit at least approximate contouring
of areas in which 1t proves imposslible to perform ground surveying.
At least one point of known elevation is highly desirable so as to
establish a proper datum.

The procedures to be used require cross flight photogra-
phy and application of the BZ curve method discussed in Chapter VII.
The actual multiplex operations connected with vertical bridging
are performed at the same time that horizontal scale is beilng es-
tablished. For explanatory purposes, let it be assumed that con-
tours are to be drawn in an area covered by the photography illus-
trated in Fig. 4-1. The only point of known elevation in the area
is assumed to be located near the intersection of flights 6 and 8.
Flight 8 is first set in the multiplex and leveled in the line of
flight direction by the BZ curve method. If possible, the strip 1s
leveled in the tilt (Y) direction through reference to terrain fea-
tures; otherwise, a portion of one or more of the flighte at right
angles must be set first to provide the necessary control. In
either case, once flight 8 has been oriented correctly a line of
elevations can be established along the center line using the known
point as an Index and applying the corrections indicated by the
shape of the BZ curve. (Flights 7 and 8 can be set in two sections
if the required number of projectors is excessive, although orienta-
tion as single units is desirsble.) The portion of flight 1 between
flights 7 and 8 is next oriented by the BZ curve method and eleva-
tions are established by indexing from the vertical pass points pre-
viously read from flight 8 at its intersection with flight 1.
These elevations from flight 8 also supply the information needed
for approximate leveling of the strip in the tilt direction. Flight
7 and the necessary portion of flight 6 are then set in turn so as
to carry the "vertical traverse" back to the starting point of
known elevation. Any error of closure is assumed to be caused by a
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constant slope along the center lines. Each point can then be cor-
rected by an amount equal to the error of closure times the ratio of
distance from the starting point to the total distance around the
loop.

The portions of flights 1 through 6 between flights 7 and
8 can now be oriented in both directions. Each s:.rip is leveled in
the tip (X) direction with the BZ curve and in the tilt (Y) direc-
tion by reference to elevations from the cross flighta. Using the
cross flight elevations as an index, vertical pass points common to
ad Jacent flights are established in each corner of each model. Once
again, of course, corrections for the shape of the BZ curve are
applied as though the points were projected onto the center line,
Since pass point elevations will probably not read the same from
different strips, both readings should be recorded and appropriate
notations made as to the strip from which each was taken.

Finally, pass points throughout the entire area are exam-
ined for any indication as to possible adJjustmente that can be made
to improve the over-all agreement. In some instances discrepancies
in readings from adjacent flights may indicate slight errors in the
way one flight was leveled in tip or tilt. At other times, it may
be noted that nearly all readings from one fiight are too high or
too low. Where possible, the discrepencies are eliminated by ad-
Justing the readings. Of course, the goal is to produce an adjust-
ment such that, if all flights were to be reset, each point would
read the same elevatlion in any model in which it appeared. This
ideal will seldom be achieved and therefore a certain amount of
averaging will be necessary on some of the polints. The final ad-
Justed points are then used as level points when the models are
individually reset and the contours deliuneated.

The previous discussion kas covered the establishment of
vertical pass points for only the right-hand portion of the area
portrayed in Fig. 4-1. Control of the left-hand portion is estab-
lished by repeating the procedure with the appropriate exposures.

8. Map Accuracy. Multiplex maps compiled from Shoran area
coverage photography may contain both systemsatic and random errors.
The magnitude of these errors is constantly being reduced as a re-
sult of instrumemt refinements and the development of improved
techniques of calibration and adjustment. Shoran tests run in 1946
Indicated that, with carefully calibrated equipment, the mean shift
of any map sheet could be held to less than 50 feet, regardless of
the distance between the area mapped and the controlling ground
stations. Actually, a 50-foot displacement of a map sheet that 18
150 miles from the nearest control represents a proportional error
of only 1 part in 15,800. Aleo, the nature of the error is such
that adjJacent mep sheets are displaced approximately the same in
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both distance and direction and eo no significant mis-matching of
detall between aheet borders is introduced. Although no recent
Shoran photography has been tested, there is little doubt but that
present day equipment will give still better results. It should be
noted that the avallability of occasional identifiasble ground con-
trol points throughout the area being mapped would permit the sheets
to be slipped into position and thus eliminate even these small
errors.

Random errors in the Shoran system introduce locallzed
scale and azimuth errors within the map. The 1946 test photography
Indicated that 8horan.controlled coverage from 20,000 feet could
produce maps with relative errors of no more than 105 feet on 90
percent of the well-defined detail points. This would meet peace-
time accuracy requirements for inch-to-the-mile mapping but falls a
1little short of the 1350,000 scale map standards which call for 90
percent of the features to be located within 83 feet. Since the
major source of random error in the Shoran equipment is thought to
result from the inability of the airborne operator to maintain per-
fect pip alinement, improved accuracy will depend largely upon the
avallability of some type of error meter (Chapter I, paragraph 5
and Chapter IV, paragraph 3). Instrument error 1s only part of the
Problem, however. A second source of random error is introduced
during multiplex operations by fallure to recover exact camera ori-
entation and, therefore, inabllity to select true photo nadir points.
Present plotting methods average out these random errors somevhat by
scaling several multiplex models as a unit to corresponding Shoran
control. Nevertheless, the relationship between photo tilt and
horizontal map accuracy 1s one of the most lmportant considerations
in the entire mapping procedure. Since Shorsn appears especlally
adaptable to the mapping of remote, uncontrolled areas, proper
nadir point recovery usually is one of the biggest problems. In
such instances, the obtaining of cross flight photography and care-
ful application of the BZ curve method are essential. The limiting
factor in Shoran map accuracy may well prove to be dependent upon
the accwracy with which camera orientation can be recovered.
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CHAPFTER IX
SIOTTED TEMPLET MAPPING

1. Gemneral. Shoran-controlled area coverage or cross flight
photography seldom will be obtained specifically for mapping by
the slotted templet method. This type of coverage ordinarily will
be used for producing maximm possible accuracy in areas where
adequate ground control is not available. For this reason, it
usually is intended that the resulting network of photogrammstric
control will be established by multiplex procedures. The slotted
templet expedient may prove valuable in preparing hasty maps while
awvaiting the slower but more accurate multiplex results.

In slotted templet mapping, as with multiplex, the most
satisfactory solution results from obtaining the best average fit
of all photographs to their corresponding Shoran positions. The
floating stud holder (Fig. 9-1) provides a simple method of obtain-
ing this desired mean fit. It consists of a circular metal frame,
about 2 inches in diameter, with four coil springs attached and ex-
tending inward to a central washer. Three pins are fastened to the
under slde of the frame and serve to hold it rigidly to the dase
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FIG. 9-1. THE FLOATING STUD HOLDER.
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grid. The central washer fits over a standard slotted templet stud
and permits a movement of about 4 mm in any direction. The use of
one holder at each Shoran position allows the entire assembly to

ad just automatically to the mean fit of all points.

Although Shoran positions are effective at the nadir
points, experience has shown that photo principal points may be
used as radisl centers when working with good quality mapping pho-
tography. This type photography usually contains tilts of no more
than a few degrees and, since the resulting displacement of nadir
from principal points is of a random nature, the floating stud
holders tend to average out the tilt errors together with those of
the Shoran positions. Unless tilte can be recovered to within

about 10 to 15 minutes op unless the photography to be assembled
* contains tilts of over 5 , there is no advantage to be gained in
attempting to recover the nadlr points.

If Shoran photography contains large or constant tilts, a
considerable reduction in accuracy must be expected. Constant tilts,
such as those resulting from a fixed camera Iinstallation that has
not been perfectly set for aircraft attitude, are somewhat compen-
sated if adjacent flight lines have been flown in opposite direc-
tions: In such instances, the principal points on all photos in
one flight will be displaced from the nadir by the same amownt and
direction. On the adjoining flight, displacements will be in the
opposite direction and so the errors will tend to balance out when
two or more flights are laid together. Occasionally large random
tilts, if not detected from the memner in which prints fit into the
photo index, will be spotted during the templet assembly. Templets
made from these prints will Introduce unusually large displacements
of the floating stud holders from thelr neutral position. If this
occurs, the holder (or holders) in question should be removed and
the principal point considered only as a pass point.

2., Preparation of Base Sheets. Slotted templet base sheets
for area coverage photography are prepared In much the same manner
as that described for multiplex mapping. The grid 1s laid out to
the approximate scale of the templets and with a line spacing of
from four to six inches. Proper orientation can be esteblished by
reference to a photo index on which the grid has been drawn. In
many cases, a single base sheet will be sufficlent to cover the
area wnder consideration. However, where the assembly is large 1t
can be broken into several sections of about 100 templets each (six
or elight flights of ten to twelve exposures). Since control is
available for each photo, there is no need to assemble the templets

in very large groups.

Once the grid has been constructed, the position of each
Shoran point is plotted and the appropriate exposure number is noted.

I
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A standard slotted templet stud is then placed over each plotted
point and temporarily held in place by driving a pin through the
center of the shaft and Into the base board. The floating stud
holders are placed in position by slipping their central washers
over the templet studs and pressing the pins into the base, care
being taken to prevent introducing any tension in the springs.
(Standard Corps of Engineers nomenclature for this item is "Stud
Holder, floating control point, spring centered, for slotted tem-
plet studs.") Several light hammer teps around the outside ring
will assure a firm seating of the stud holder. When the straight
pins holding the standard studs have been removed, the sheet is
ready for assembly of the templets.

Maximum slotted templet accuracy results from using each
Shoran point in the area. However, when accuracy can be sacrificed
to speed, the assemblies can be lald using every other point or
even every third point in alternate flights. For very rough work,
two or three points in each corner and a like number near the cen-
ter of each area of 100 photos will be adequate. This reduction of
the number of points used saves considerable computation and plot-
ting time.

3. Preparatlion and Assembly of Templets. In all slotted
templet mapping the greatest accuracy probably results when templets
are prepared from prints that are about 15 inches square. This re-
quires an enlargement of about 1.5 diameters over the usual 9- by
9-inch negative size. Tests indicate that, where Shoran control is
avallable for every exposure of 20,000-foot, T-5 photography, asseme.
blies of templets that have been enlarged about 1.5 diameters will
have an internmal accuracy of about 175 feet or less on 90 percent
of the well-defined features. Similar tests using templets prepared
from contact prints (9- by 9-inch) ylelded a relative map accuracy
of approximately 210 feet. These accuracy figures are all exclu-
8lve of a mean map position error which can smount tc as much as 50
feet as a result of Shoran equipment error plus an additional
amownt, possible 50 feet or more, frcm inaccuracies in the slotted
templet system. It can be seen, that where a photographic enlarger
is available to the mapping unit, the templete for Shoran-controlled
assemblies should be prepared from enlargements.

Photographic prints should be made on double-weight paper
end. processed so as to keep distortion to a minimum. The spotting
of princlipal points from opposite fiducial marks and the selection
and transferring of auxiliary tie points around the edges of ®&he
prints is accomplished in the same manmer as for normal slotted tem-
plet work. With enlarged prints, however, a few more than the usual
nine points per picture can be selected, provided none are chosen so
near the centers that the studs will bind against the rim of the
stud holders during assembly. Any existing horizontal positions are
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also selected and marked, although they are not held rigidly during
the assembly.

Templets are prepared from 3-ply bristol board, or other
suitable material, by placing the marked prints on top and pricking
the point positiona through to the blank templets. All pricked
points are circled as an aid in recovery and the principal points
are labeled to correspond to photo mumbers. Center points can then
be punched and the wing points slotted using the standard Army
equimment supplied for the purpose. The procedures followed in
laying the templets should be those described in TM 5-240, modified
to Include floating stud holders and enlarged templets. It is neces-
sary that care be taken to avoid damaging the slots and that the
assembly be tapped from time to time to eliminate possible binding
between templets. Fig. 9-2 shows a typlcal slotted templet lay-
down being prepared. After completion, all stud positions are
marked to provide a control network for use 1n map compilation by
any of the several possible msthods.

4, Finishing. Where occasional ground control points are
avallable wi o mapped area, a slight improvement in absolute
position can be obtained by shifting the grid in the mammer that is
described for multiplex maps (Chapter VIII, paragraph 6). Also, it
must be remembered during compilation and final drafting that any
mep detall at, or near, existing control points should agree with
the descriptions of the stations. Because of random errors through-
out the mapping process, this desirable condition may require
special attention. After compilation has been completed, all con-
trol points that are to be shown on the final map are carefully
plotted from their known coordinates. Detail in the neighborhood
of these points can then be shifted to conform to true ground con-
ditlons. The required movement usually is small but the results
will greatly enhance the appearance of the published map.
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FIG. 9-2. SHORAN-CONTROLLED SLOTTED TEMPLET ASSEMBLY USING
FLOAT ING SIUD HOLDERS.
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CHAPTER X
PEOTOMAFS

1. Gemeral. This chapter deals primarily with the special
techniques required in applying Shoran comtrol to mosaicking. The
detalled procedures needed in the actual preparation and assembling
of photographs 1s covered in TM 5-240. Shoran points may be used
to provide over-all scale and position to otherwise uncontrolled
mosalcs, and to prepare both semi-controlled and controlled mosaics.
The particular method to be employed will depend largely upon the
accuracy requirements of the finlshed map and upon the time avail-
able for its preparstion. Because of the speed with which they can
be produced, uncontrolled and semi.controlled mosaics are used ex-
tensively during wartime. Fully controlled mosalcs, however, re-
quire about as much time to prepare as do complete planimetric maps
and so they are of military value only in special cases. The abll-
ity to indicate absolute position through the delineation of a
graticule on the finished photomaps assumes, of course, that the
goographic positions of the Shoran ground stations are known.

2, Establish Scale and Position of Uncontrolled Mosaics.
The fastest method of preparing photomaps is to orient and assemble
the photographe by simply matching detall in the overlepping area
common to adjacent prints. Although such mosaics often contain
serious scale and azimuth errors, the speed with which they can be
prepared makes them valuable expedlents in many tactical situations.
Normally, the determination of absolute scale and position has been
dependent upon the recovery of identifiable groumnd positions. With-
out ground control, absolute position was unobtalnable, although
scale could be determined roughly from the focal length of the
aerial camera and barometric altimeter readings of flying height.
The availabllity of Shoran positions permits falrly reliable re-
covery of absolute scale and position without materiallr increasing
the production time.

Scale is established by comparing the distances between
Shoran points on the completed mosalc assembly with the equivalent
ground dlstances. Prior to assembling the mosaic, principal points
of photos mear each corner of the area are pricked and circled with
a grease pencil as an ald in later recovery. (The groase marks are
easily removed after they have served their purpose.) The mosalc
is then prepared in accordance with the instructions given in
™M 5-240. Upon completion of the assembly, the diagonals of the
figure formed by the selected principal points are carefully mea-
sured. The corresponding ground lengths are computed from the
following formmla:
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n./(nl-ng)jao(nl-mg)z

vhere D = Grid distance
Ny, E; = UIM coordinates of point 1
Np, Ep = UIM coordinates of point 2

If ground station positions are unknown and UM coordinates camnot
be establighed, ground distance can be determined by substituting
Shoran grid coordinates in the equation jJust given. Fig. 10-1
11lustrates the scale check lines used in the determination. The
average of the values determined for each of the two lines is takem
as the over-all mosaic seals.

Absolute position is established by adding a UI'M grid and
graticule to the finished mosaic. As the first wtep, a UMM grid is
laid out on a sheet of translucent acetate to the over-all mosaic
scale. After the four comer points have been plotted, this acetate
gheet 18 placed over the mosaic and oriented by superimposing over
the photo points. If simultaneous coincidence camot be obtained
on all four points, the sheet is adjusted so as to distribute the
error equally. A mechanical mean fit can be obtained by punching
holes of the proper dlameter in the acetate sheet at the plotted
positions and mounting floating stud holdsre directly over the
points on the mosalc. In mogt cases, however, the best mean fit
can be estimated with sufficient accuracy by a visual exsmination
of the discrepancy at each of the four points. After adjustment,
the grid Intersection points are pricked through to the base and
comnected with ink lines directly on the face of the photomap.

3. BSeml-controlled Mosaics. Semi-controlled mosaics require
more time to assemble than do the uncontrolled type but offer a con-
siderable improvement in accuracy. Contact prints matched in den-
sity and tonal range are employed in all cases with Shoran points
used to position the principal points of each of the photos. The
first step of the operation, therefore, will be to compute the co-
ordinates of each photograph to be used and to plot these points on
a grid laild out to the average scale of the photography. There-
after, the photographs are assembled by placing the principal points
approximately over their Shoran positions and rotating tao get the
beat average match with adjacent prints. No effort 1s mads to hold
exactly to the plotted points because of the possibllity of random
Shoran and tilt displacement errors. Instead, the dry printe are
lald out in small groups ashead of the actusal assembly and adjusted
80 as to obtaln an average fit of principal points to corrvsponding
Bhoran positions.

The average scale of the photography is established by
laying out two or three trial strips and comparing the distances
between end principal points with corresponding ground distances as
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UNCONTROLLED MOSAIC : e CHILLICOTHE QUADRANGLE
SCALE AND POSITION FROM SHORAN OH1O
PHOTOGRAPHY BY USAF, 1945

FIG. 10-1. UNCONTROLLED MOSAIC SCALE CHECX LINES.
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determined from the grid coordinates. Photographs in each strip
are assembled by carefully matching detall in the overlapping por-
tions and are temporarily held together with drafting tape or
staples 80 as to permit re-use during the mosaic assembly. Ground
distances are determined by the formula given in paragraph 2 of
this chapter. The mean of all determinations is the scale to be
used in constructing the grid.

The grid and the Shoran positions are plotted directly on
the rigid board (masonite or plywood) that is to become the mount
for the mosaic. Lines are spaced at some convenient plotting inter-
val and the entire grid is oriented so as to assure proper center-
ing of the finished assembly. Although the greater portion of the
lines will be covered by the assembled photos, it is important that
they be extended sufficlently to permit their recovery around the
edges. A stralght edge can then be used as a guide In redrawing the
missing portions prior to final publication.

A second type of semi-controlled mosaic can be constructed
by using the slotted templet method to exactly locate the grid posi-
tions correaponding to photo principal points. Here, a templet
asgembly, made by the procedures outlined in Chapter IX, is used to
provide the adjustment to the best mean fit of the Shoran points.
Principal points can then be pricked directly onto the mount and
held rigldly when the prints are assembled. Even though the method
produces improved accuracy and requires less guesswork, considerable
extra time is involved in preparing the templet assembly.

4. Preparation of Controlled Mosaics. The use of Shoran in
preparing controlled mosaics differs from the conventional method
only in that Shoran positions are used to control the slotted tem-
plet assembly. In most instances, the rigid mosaic mount serves as
the base on which to construct the grid and prepare the templet lay-
down. Floating stud holders at each Shoran point provide the adjust-
ment to the best mean fit. Both principal points and points arowund
the edges of the prints are located and used to establish the amoumt
of ratioing and rectifying necessary in each of the vhotographs.
Chapter IX expiains the use of the slotted templet method with
Shoran-~controlled photography. The procedures to be employed in
ratioing and assembling the prints for a controlled mosalic are
covered in TM 5-240,
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. CHAFTER XI
CORTROL POINT PHOTOGRAPHY

1. General. Shoran control point photography is particular-
ly suited fo the establishment of the rather widely separated
ground positions needed to control small-scale maps or charts.
Each mission of two intersecting flights locates a single control
point which then can be employed in the same mammer as positions
dstermined by astronomic observations or ground surveying. In
fact, the method is very effective in supplementing existing
ground control that is too widely scattered to meset even charting
requirements. Once established, the positioms form the comtrol
network for recommaissance mapping from either vertical or tri-
metrogon photography. Photogrammetric bridging with the basic,
over-all coverage usually is accomplished with slotted cards or
the mechanical templet set. Scattered control of this type will
not normally be satisfactory for multiplex bridging methods.

Fig. 11-1 illustrates a typical photo index of the
Shoran-controlled coverage over one point. The actual scaling of
the photography and subsequent spotting of the control point may
be accamplighed by either multiplex or slotted templet methods.

| X
‘\ﬂ

¥IG. 11-1. TYPICAL SHORAN CONTROL POINT PHOTOGRAPHY.
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Tests indicate possible errors of as much as 150 feet even when
multiplex equipment is used. Slotted templet methods will furniash
still less accuracy and, primarily because of the inability to re-
cover photo tilts, they may introduce position errors of 200 to 250
feet. However, where maps of 1$250,000 scale and smaller are in-
volved, these errors often are relatively unimportant. The present
chapter deals only with the positioning of control points from the
Shoran-controlled photography. Photogrsmmetric bridging and detall
campilation procedures using the basic mapping coverage are explained
in TM 5-240 and other publications related to mapping.

2. Control Point Recovery by Multiplex Methods. The prepar-

. ation of work sheets and orientation of multiplex strip units for
use with control point photography involve procedures very similar
to those discussed in Chapter VIII, Multiplex Mapping. Grid posi-
tlons of the points corresponding to each photograph should be com-
puted and plotted on sheets that have been laild out at a scale con-
sistent with the ailrcraft flying height. The multiplex procedure
consists of orienting each flight separately to the Shoran control
and then determining the position of the point in question. The
computed mean of the two positions is assumed to be the true loca-
tion of the control point. In areas where vertical control is
Plentiful, each flight can be leveled as a wnit using the kmown
elevations. The BZ curve method provides the displacement between
true and indicated nadir points. Generally, however, elevations
will not be kmown and so the BZ curve method must also be used for
strip orientation.

The necessary procedure is best understood by reference
to Fig. 11-1. Flight 1 is set in the multiplex, brought to approxi-
mate scale, and carefully leveled by means of the BZ curve (Chapter
VII). This permits a serles of relative elevations to be estab-
lished along the center line. Flight 2 can then be set and scaled
to the Shoran control. The BZ curve is used both for leveling in
the line-of-flight direction and for indicating the displacement of
nadir points resulting from false tip. The strip 1s leveled in the
tilt direction by reference to the relative elevations obtained from
flight 1. The control point is plotted and its coordinates are
scaled from the plotting sheet. Also, with the orlentation thus .
fixed, a line of relative elevations is read along the center line.
Finally, flight 1 is reset and leveled using the relative elevations
from flight 2 and the BZ curve, The strip is then scaled to the
Shoran points and a second position is obtained. Coordinates of
the two positions are averaged to obtain the final location.

5. Control Point Recovery by Slotted Templet Methods. The
use of slotted templet procedures in recovering control point posi-
tlon involves nothing more than assembling the two flighte as a
unit and scaling to the plotted Shoran points. The feature to be
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located 1s selected as an auxiliary point during preparatior of the
templets so that its position becomes fixed upon completion of the
agsembly. Contact size photographs and templets will normally be
satisfactory since any improvement in accuracy resulting from the
use of enlargements seldom will be significant in the type mapping
for which the cantrol point method is applicable. Wing points are
selected and templets are prepared in the reguler fashion, using
principal points as radial centers. Care must be taken not to se-
lect too many points in the area of overlap between flights, since
excessive slots tend to weaken the templets and thus decrease
accuracy. The best aversge fit of the assembly to the Shorsn con-
trol is obtained by placing a floating stud holder at each SBhoran
point. After all templets have been assembled, the target point is
marked and its coordinates are scaled from the work sheet.
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CHAPTER XII
SHORAN CONTROL FOR EXTIHT ING

UNCONTROLLED PHOTOGRAPHY

1. General. Occasions may arise when it will be desirable
to use Shoran-controlled cross flights In conjunction with existing
uncontrolled photography. Although the resulting msp accuracy will
not equal that to be expected frum complete Shoran-controlled
photographic coverage, considerable flying times cen be saved if re-
duced standards can be tolerated. The necessary Shoran photography
congists of cross flights normal to, and spaced at, intervals of
about each six or seven exposures along the existing coverage (Chap-
ter IV). The controlled flights then can be scaled to the Shoran
positions and used to spot lines of pass points between which the
wncontrolled exposures are bridged.

Multiplex methods normally will be employed so as to ob-
tain maximm position accuracy from the cross flights. This in-
volves the recovery of camera oriemntation so that photo nadir points
can be scaled to the Shoran control. Where ground vertical points
are wnavailable, the BZ curve method described in Chapter VII 1s
employed. Altimeter readings will accompany the Shoran photography
and can be used to level each control strip in line of flight.
Occasionally, leveling in thé tilt (Y) direction can be accamplished
from lines of correct relative elevations established by the BZ
curve method and using the existing photography. However, if the
needed altimeter readings are not available with the imcontrolled
coverage, separate auxiliary strips are required for use in tilt
leveling of the cross flights. Fig. 12-1 illustrates a typical
flight plan wvhere the auxiliary strips are included. It should be
noted that the auxiliaries need not be Shoran-controlled, although
it 1s Important that accurate altimster readings be avallable for
each exposure. Multiplex tests with cross flight photography from
20,000 feet indicate that maps having an intermal accuracy of
approximately 125 feet or less on 90 percent of the well-defined
features can.be prepared. This accuracy is exclusive of the mean
map position error.

2. Multiplex Methods for Cross Flight Photo . Oriemta-
tion of the Shoran-controlled cross Tﬁﬁss Is Iﬁicg to the
procedure used with area coverage photography. Work sheets are
laid out roughly parallel to the line of flight using either the
Shoran or UIM grid, depending upon the coordinate system in which
the Shoran positions have been computed. The photography is set
in strips of five to seven models so as to permit multiplex scaling
to the best average fit of several points. In areas vhere vertical
control is available, the wunits are strip-leveled by reference to
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appropriate ground points; otherwise, the BZ curve method described
in Chapter VII is used. Relative elevations at right angles to the
croes flights are established by application of the BZ curve method
to the auxiliary flights. Once the control strip has been oriented,
the correctionas for false tip are applied to indicated nadir points
and the entire unit is scaled to the best mean fit of the Shoren
positions. Horizontal pass points to be used as comtrol for the
mapping photography csn then be spotted throughout the strip in
sufficient dsnsity to assure the appearance of three or four points
in each of the mapping flights. The points selected should be such
readlly identifiable features as road intersections, corners of
large bulldings, and the like. It 1s good practice to actually
draw a portion of the features and to write out detailed descrip-
tions directly on the work sgheet.

Sometimes the cross flights and auxiliaries are used to
establigh a framework of vertical points fram which approximate con-
tours or form lines can be delineated. This procedure requires
application of the vertical traverse (paragraph 7, Chapter VIII).

In this way elevation points, as well as poaitions, are spotted
along the cross flights and used as a guide in strip-leveling the
wncontrolled photography. Though the method camnot be relied upon
to provide very good vertical accwracy, conditions may arlise where
no other altermative is available.

Once the pags points have been picked, multiplex orienta-
tion and bridging with the mapping photography are accomplished in
accordance with ™ 5-244, TIndividual sheets for each flight usually
are laid out on a transparent medium to facllitate point tramsfer-
ring fram the Shoran work sheets and must, of course, use the same
grid system. The addition of a geographic graticule to manuscripts
compiled on the Shorsn grid is explained in paragraph 6, Chapter VIIT.

3. Blotted Templet Methods. The use of Shoran points to con-
trol slotted templet mapping is covered in Chapter IX. Where perim-
eter photography 1s used, base sheets are made large emough to
accommodate sections of about 100 templets from the uncontrolled
coverage. In small areas a single base gheet is often sufficient.
All appropriate Shoran control is them plotted snd floating stud
holders are put in place at each of the points. Templets fram the
cross flights use principal points as radial centers and are assem-
bled over the stud holders so as to obtain a good mean fit. Templets
from the mapping photography are prepared in the normal manner, ex-
cept that pass points from the cross flights are transferrad and
also uged as pass points on the regular coverage. The mapping as-
sembly then is made right over the cross flight templets, using the
studs at common points to establish scale. Finally, wing points are
pricked through to the base shest to provide the network for compill-
ation by any desired procedure.
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Altimeter Recording Camera - The modified 35-mm movie camera which
photographs a barometric altimeter, radio altimeter, ex-'
posure counter, and other auxiliary data at the instant of
each aerial camera exposure.

Arc Navigation - A method of Shoran-controlled flight line naviga-
tion whereby arcs of constant radii are flown about one
of the ground stations.

Area Coverage Photography - Complete photographic coverage of an
area by conventional mapping photography having parallel
flight lines and stereoscopic overlap between exposures
in line of flight. When applied to Shoran, the term im-
plies that recorded Shoran distances are available for
each exposurs.

BZ Curve - The curve obtained when a smooth line is drawn through
points representing the heights and distances along the
flight line of the several proJjectors used in a multiplex
extension.

BZ Curve Method -~ A method utilizing characteristics of the BZ
curve for finding the displacement of true photo plumb
points from indicated projector plumb points in multiplex
strip orientation. The msthod also provides a means for
strip leveling using only the barometric altimeter read-
ings of airoraft flying height.

Cathode-ray Oscilloscope - The tube which presents the sweep cir-
cle and Shoran electromagnetic pulses as visual phenomensa
for use by the airborne operator.

Control Point Photography - Shoran-controlled aerial photography
consisting of two short right-angle flights intersecting
over a target or secondary control point.

Cross Flight Photography - Single phétographic strips having stereo-
scopic overlap between exposures and having a flight direc-
tion at right angles to that of ooexistent area coverage
photography. When applied to Shoran, the term implies that
each of the cross flight exposures is accompanied with re-
corded Shoran distances.

Distance Recording Camera - The modified 35-mm movie camera which
photographs the Shoran distance counters and other auxiliary
instruments at the instant of each aerial exposure.

Drift Station - A term sometimes used to designate the ground sta-
tion about which the aircraft flies during arc navigation.
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The second ground station is then referred to as the "Rate”
station. '

Eoho Pipe - Pips formed on the airborne cathode-ray tube sweep cir-
cle by impulses returning from the ground stations.

Echo Timing - The measurement of time required for a short train of
radio wvaves to travel the round-trip path from an originat-
ing station to a reflector, or transponder.

Error Meter - A proposed instrument for furnishing information con-
cerning the accuracy of pip alinement at the instant of
each exposure.

False Tip - The angular differences, measured in the vertical plane
through the flight line, between the axis of the aerial
camera &at the instant of each exposure and the axis of
corresponding multiplex projectors when oriented in strips.

Floating Stud Holder - A device which permits spring-controlled move-
ment of a standard slotted templet stud about a plotted posi-
tion. The use of one floating stud at each Shoran position
produces an automatic adjustment of the assembly to the best
mean fit of all points.

Ground Station Delay - The time (expressed as round-trip distance)
required for the Shoran pulse to travel through the cir-
cuits of a ground station.

Inverse Computation - Computations connected with the determination
of distance and azimith between two points, the positions
of which are given in geographic or plane coordinates.

Marker Pip - The stationary pip formed on the sweep circle by an
impulse from the airbornme set. This pip marks the point
of zero distance and is the standard to which echo pips
are alined.

Nadirscope - An instrument for attachment to the multiplex trac-
ing table, which permits recovery of projector nadir points.

Observed Zero - Reading of Shoran mileage counters when the airborne
set is receiving its own signal.

Photographic Mission - The taking of a group of consecutively ex-
posed aserial photographs over one area and on the same
day.
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Pip - A liink or dellection in the otherwise smooth sweep circle
caused by the application of an impulse to the cathode-
ray oscllloscope.

Precamputed Coordinate Navigation - A little-used method of flight
line navigation whereby proper Shoran readings from the
alr station to each'ground station at regular intervals
along a straight line are computed before take-off and the
alrcraft then flown so as to pass, as near as possible,
along this precomputed course.

Pulse - A short train, or burst, of radio waves.

Radio Altimster Carry - A method of "carrying" absolute flying
height values from a datum area over which a radio alti-
meter reading has been taken to another area by means of
a barometric altimeter.

Radioscnie - An instrument carried aloft by means of a balloon or
dropped from an aircraft by parachute, whlch measures at-
mospheric pressure, temperature, and humidity at regular
intervals and transmits the readings by means of a small
radio sending set.

Rate Station - See Drift Station.

Shoran - An electronic measuring system for indicating distance
from an airborne station to each of two ground stations.
The term is a contraction of the phrase "SHOrt RA:ige
Navigation'.

Sheran Grid - A rectangular grid with the X-axis through the two
Shoran ground stations and using the westernmost station
(Station A) as the origin of coordinates.

Shoran Line Crossing - A method of determining distance between two
points by flying across the Joining line,

Shoran Range - The maximum possible operating distance between
Shoran aircraft and ground station as limited by flying
height, ground statlion elevation, terrain, and earth
curvature.

Shoran Reduction - The computational process of converting from a
Shoran distance reading to an equivalent geodetic distance.

Shoran Triangulation - A method of triangulation in which the sides
of appropriate figures are measured by the Shoran line-
crossing method,
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Shoran Weye Path - The path taken by the Shoran wave as it travels
from the airborme to the ground station.

Signal Intengity - Strength of the Shoran signals received at the
airborne station. Intensity variations result primarily
from ground reflectioms of the radio waves.

Standard NA.C,A, Moist Atmpoephere - The empdrical N,A.C.A, stapd-
ard atmosphere with added mean amnusl vapor pressure at
about 40° latitude in the United States.

Station A - The usual designation of the westernmost ground sta-
tion. The eastermmost ground station is designated es
Station B, :

Station Angle - The horizontal angle subtended at the aircraft by
the two Shoran ground stations.

Straight Idne Indicator - A Shoran navigational device which permits
the flying of straight lines at any orientation to the
base.

Sweep Circle - The fluorescent ring, appearing on the face of the
cathode-ray oscllloscope, that is caused by the rapid
circular travel of a tiny spot of light.

Timing Advance System - The system used to produce transmitted
pulses sufficiently earlier than the corresponding

marker pulses so that a signal returning from its round
trip arrives Just in time to meet the corresponding pulse
at the cathode-ray tube., Correct adjustment of the two
timing advance systems in the airborne set is indicated
by proper alinement of the two echo pips with the marker

Pip.

Timing Frequency Error - The error introduced by inability to estab-
lish the true oscillator frequency at the instant of Shoran
measurements.

Timing Non-linearity Corrections - The carrections mede necessary

by slight irregularities in the functioning of the 1-
mile phase-advancing deyices.

Timing Oscillator - The crystal-controlled oscillator used as a
standard in the timing of pulse travel. True path distance
(exclusive of the velocity carrection) in miles is given
when the osclllator frequency in cycles per second is equal
to one-half the veloclty of electromagnetic waves in miles
per second (93,109.5).




Velocity Correction - The correction made necessary by the fact
that the speed of electromagnetic propagation varies
with varying meteorological conditions along the wave
path.
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Specification No.
28 September 1949
SPECIFICATIORS
JOR
SHORAN-CONTROLLED AERIAL PHOTOGRAFHY
SPRCIFIC PROJECT DATA
Project name: Fort Sill, Oklahoms
Projeoct location: Fort Sill, Oklahoma
Camera to be used: AP type T-5
Area to be photographed: 1416 square miles
Photography to be acoomplished : Betveen 15 October 1949 and
31 December 1949
Flight altitude above sea level: 21,300 feet
Elevation of mean terrain above
gea level: 1,300 feet
Flight direction: Bast-west
Flight direction of special
flights: North-south
Number of flight lines: Five - as shown on flight map

Number of special flight lines: Four - as shown on flight map
Side lap: 10 percent minimum

Names of geodetic control sta-
tions and alternates of geo-
detlic control stations selec-
ted: Gem (Hemphill County, Tex.,W. M.
1927).
Washita (Roger Mills County, Okla.,
W.M. 1927)
This station is the alternate
station for "Gem."
Cushing (Payne County, Okla.,
CIA, 1935).
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Delivery date:

Maps furnished:

Geodetic control data furnished:

NOTES

Long (Lincoln County, Okla.,
CIA, 1935).
This station is the alter-
nate station for "Cushing."

1 January 1950

Caddo County, Okla., 1:63,360
Kiowa County, Okla., 1:63,360
Comanche County, Okla., 1:63,360
Stephens County, Okla., 1:63,360
Grady County, Okla., 1:63,360
Cotton County, Okla., 1:63,360
Tillman County, Okla., 1:63,360
Oklahoma City (R-5)

1:500,000 scale sectional

aeronautical chart

United States Coast and Geodetic
Survey publications as follows:

Descriptions of Triangulation
Statlions

FNo. 553, "Ada, Oklahoma to
Abiline, Kansas."

No. 698, "One Hundredth Meridian
Boundary Arc, Texas and Okla-
homa."

Geographic position cards for
Long, 1935, and Cushing, 1935
on Ada, Oklahoma to Abiline,
Kansas arc; and Washita, 1927,
and Gem, 1927, on Texas-Okla-
homa Boundary, 100th meridian
arc.

Second -order leveling, "Cheyenns,
Oklahoma to Brisco, Texas." and
Byars, Oklahoma to Arkansas
City, Kansas (Okla. portiomn)."

1. The number of flight lines specified above are the minimum
number of flights that will cover the area at the altitude specified
and provide a side lap of 20 percent between flight lines 1l and 2 and
between lines 2 and 3, and 25 percent between 3 and 4 and between 4
and 5 at the mean terrain elevation of 1,300 feet above sea level of

the area.

e

L
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2. The four special flights listed above will be flown in
a north-south direction aoross the projeoct as shown on the flight
map.

3. The approximate looations of the geocdetic control sta-
tions are shown on the 1:500,000 soale sectional aeronautical
chart, "Oklahoma City."

4. The second-order leveling data contains descriptions and
elevations for the following bench marks: P-49 and Q-50 which are
near triangulation station "Cushing”; E-49 and L-49 which are near
triangulation station "Long"; 1-103, M-257, and L-257 which are
near triangulation stations "Gem" and "Washita."
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Specification No.
28 September 1949

SPRCIFICATIORS
FOR
SHORAN-CONTROLLED AERTAL PHOTOGRAFPHY

SECTION 1 - GENERAL PROVISIORS

1-01. COMPONENT PARTS OF SPECIFICATIORS. These specifications
for Shoran-controlled aerial photography are composed of: Secotlion I,
General Provisions; Section II, Teohniocal Provisions, Aerial Photo-
graphy; Section 111, Technical Provisions, Shoran; Page la, SPECIFIC
PROJECT DATA; and the maps and geodetic control data llsted on page
la, SPECIFIC PROJECT DATA. Page la is attached to the front of
Section I, General Provisions.

1-02. WORK TO BE DONE. The work to be done under these speci-
fications consists of furnishing all services, materials, supplies,
and plant, and making such flights as may be necessary to cover com-
pletely with Shoran-controlled aerial photographs, suitable for use
with Stereophotogrammetric equipment, the area or areas, desoribed
in the SPECIFIC PROJECT DATA and showmn on the accompanying maps. The
organization performing the Shoran-controlled aerial photography will
be required to furnish the original aerial negatives, one set of ocon-
tact glossy prints, a photo plot of all areas photographed, and all
Shoran control data and data related thereto required by Sectionm III.

1-03., MAPS AND GEODETIC CONTROL. The maps and geodetic con-
trol listed on page la, SPECIFIC PROJECT DATA are the only maps and
geodetic control which will be supplied for the work to be done. It

will be the responsibility of the photographic organization to procure

any other such data. This organization will assist in the procure-
ment of such additional data when so regquested.

1-04, DELIVERY. The photographic organization shall deliver
to this organization, the photographic and Shoran materials and data
specified in Sections II and 111, immediately after completion of
the work as regmired by these specifications. The photographic
organization will make every effort to deliver the following photo-
graphic and Shoran materials and data on or before the due date as
specified on page la, SPECIFIC PROJECT DATA. A copy of the trans-
mittal shall be sent to the U.S. Air Force Central Film Library:

a. Original asrial negatives.,

b. Prints of aerial negatives.

C. Photo plots.

d. Shoran distance redording fiim.
e. Altimeter recording film.
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f. Oscilloscope recording film.

8. Manual reading of Shoran distance counters.

h. Data necessary for correlating each aerial exposure
with the recording camera exposures.

1. Computed velocity corrections.

J. Ground station delay calibration data.

k. Airborne zero readings.

1. Alrborne timing frequency.

m. Timing non-linearity corrections.

n. The horizontal and vertical positions of ground
antenna stations.

o. Operational log.

P. Mean flying height of each mission.

q. Identification of ground antenna stations to which
recorded distance readings refer.

r. Simultaneous recording of all clocks immediately be-
fore and after each mission.

1-05. INSPECTION AND ACCEPTANCE. The materials required by
these specificatione will be inspected by this organization and the
photographic organization will be notified within 1% calendar days
after receipt by this organization whether or not they are accept-
able. If any part of the project fails to meet the requirements of
these specifications, the materials will be returnsd to the photo-
graphic organization and it will be notified of the unacceptable
portions which will require correction.

1-06. REFLIGHTS. All reflights necessary to obtain satis-
factory results in accordance with the requirements of these
specifications, shall be determined and made by the photographic
organization.
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Specification No.
28 September 1949

SPECIFICATIONS
FOR
SHORAN-CONTROLLED AERTAL PHOTOGRAPHY

SECTION II - TECHNICAL PROVISIONS
AERTAL PHOTOGRAPHY

2-01., DAYS SUITABLE FOR AFRIAL PHOTOGRAPHY. Aerial photographs
shall be taken only between the hours when golar altitude is grester
than 30° on all days when weather conditions are such that clear,
well -defined photographic negatives, as required in parsgraph 2-09,
can be made, No photographs shall be taken when streams are locally
out of their normal banks or when the ground 1s covered by snow. The
photographs shall be taken between or on those dates specified on
rege la, SPECIFIC PROJECT DATA.

2-02. CAMERA TO BE USED.

a. The aerial photographs shall be made with a U.S. Air
Foroe Type T-5 or T-1l1l camera. The camera shall be maintained in
proper working condition and shall be installed in the airplane in
a manner and together with such accessorlies as may be necessary to
secure photographs meeting ths requirement of these specifications.

b. Only stained glass fllters, optically flat and coated
with a metalllic vignetting correction film, shall be used with the
aerial camera.

C. Any disassembly or reassembly of the aerial camera
which will affect the calibratlon constants shall require recalibra-~
tion of the camera.

d. The camera or cameras and the magazines used on the
project shall have performed satisfactorily om a test flight. The
negatives exposed on the test flight, or service test, must have
been submitted to and approved by this organization.

2-03. FLIGHT ALTITUDE., The aerial negatives shall be exposed
at the flight altitude above mean sea level specified in the SPECIFIC
PROJECT DATA. The flight altitude for a mission shall be maintained
as constant as possible and no exposure within the mission shall de-
viate more than $100 feet from the average flight altitude. The aver-
age flight altitude for a migsion shall not show a departure of more
than #5 percent from the specified flight altitude above mean terrain.
The mean terrain elevation for the project is given on page la, SPECI-
FIC PROJECT DATA. The determination of the average flight altitude
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for each mission shall include all atmospheric and other corrections
necessary to assure that the value is the true flight altiiude and
that 1t 1s correct to within 100 feet.

2-04. FLIGAT LINES AND STRIPS.

a. No flight lines will be permitted in addition to
that number specified on page la, SPECIFIC PROJECT DATA.

b. All flight lines and special flight lines, as
specified on page la, SPECIFIC PROJECT DATA, shall be Shoran
controlled.

¢c. The flights shall be flown in that direction
specified on page la, SPECIFIC PROJECT DATA.

a. All flight lines shall be as straight as possible.
The mean bearings of adjacent strips shall be within 5° of parallel.
In no case shall ihe lack of parallelism between adjacent photo-
graphic strips, or sections thereof, be such as to prevent the side
lap between strips from conforming with the requirements of para-
graph 2-05. Each flight shall be so photographed that the principal
points of the first and the last negatives thereof shall fall out-
s8ide the boundaries of the specified area in order to assure that
every point within the area shall appear on at least two consecutive
photographs in the line of flight. All photographs in a flight line
shall be continuous, consecutive exposures, the time interval be-
tween any two consecutive exposures being no longer than that re-
quired to provide the forward lap. Any time interval longer than
the normal exposure interval shall require reflights. (See para-
graph 2-0Oke.)

e. When any portion of any flight is rejected, that
portion must be covered by a reflight which shall overlap each end
cof the acceptable portioms of that flight by four exposures.

2-05. OVERLAP,

a. Forward lap shall not be less than 53 percent nor
more than 60 percent and shall average 56 percent. Any forward
lap of less than %3 percent or greater than 60 percent throughout
the entire width of the photograph {that dimemsion of the photo-
graph normal to the flight direction) or strip shall be sufficient
grounds for rejection except where the displacement of images in
the photograph, caused by abrupt changes in elevation within the
area of forward overlap, approaches or exceeds the limiting values
glven above. Where photographs are taken under such conditions
of terrain, there shall be no maximum value for the forward lap
provided that, at some point along both the leading and trailing

e ——————————————— |
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edges of the photographic overlap, normal to the flight direction,
there is a point at which the forward lap is between 53 percent and
56 percent. This condition shall be determined by matching identical
images on the two overlapping photographs and making the measurements
to determine the percentage of lap along the edges of the photographs.
It is further provided that computations must show that all forward
lap in excess of 60 perocent is due to the change in elevation within
the area of forward lap. The minimum forward lap of 53 percent is
effective in all cases. (See paragraph 2-06.)

b. The minimum side lap between adjacent strips shall
not be less than 10 percent. Side lap will be determined after all
deductions for crab, relief, tilt, and other factors have been con-
sidered. For the purpose of measuring side lap, the only portion of
the flight considered is that on which all ground points covered by
the flight are imaged on at least two conmsecutive photographs in
the flight.

2-06. CRAB. Crab shall not exceed 10° as measured from the
line of flignt (the flight path, or "track,” of the airplane as
indicated by the principal polints of the consecutive photographs ).
In any series of two photographs, the relative crab shall be limited
by the conditions of paragraph 2-05a.

2-07. TILT. Tilt shall not exceed 3° for any exposure. The
average tilt for a 20-mile section shall not exceed 2° and shall
not exceed 1° for the entire job.

2-08. AERIAL FIIM. Only topographic base, safety aerial fllm
shall be used. The film shall be of a class that will produce nega-
tives meeting the requirements of these specifications.

2-09. AERIAL NEGATIVES.

a. The shutter speed shall be as short as film, filter,
and light conditions permit. In no case shall the ground speed in
miles per hour exceed the flight height in thousands of feet divided
by five times the shutter speed in seconds.

b. The negatives must be exposed and developed in such
a manner that all detail in all of the distinguishable terrain tones
from the darkest terrain feature, or shadow, to the highest terrain
feature, or highlight, is discernible in the aerial negative. The
negatives shall show a minimum density of not less than 0.3 and a
maximum density of not more than 1.5 as measured with a densitometer
having a scale range of O to 3.0. The negatives must be sharp in
detail, fine grajined, and free of clouds and cloud shadows, light
streaks, static marks, or other defects which, in the opiniqmn of
this organization, render them unsuitable for their intende¢d purpose.
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Fach end of the roll shall have a length of clear film equal to at
least three exposures.

G After the film has been processed and dried, the
negatives shall not show a differential change in dimensions of
more than 0.2 mm nor shall sny distortion so introduced render
negatives unsultable for use with the photogrammetric equipment
in the opinion of this organization. Usually this condition is
limited to those distortions that will not warp the stereo models
by more than ¥0.15 mm. Differential changes in film dimensions
shall be determined by comparing the focal plane dimension as
given on the camera calibration report with the dimensions as deter-
mined by measuring between the same two points as recorded on the
film., Uniform changes in film dimensions are no% considered under
this provision,

2-10. PROCESSING AND DRYING AERIAL FIIM.

a. Special care shall be exercised to insure the proper
development and the thorough fixation and washing of all film and to
avoid rolling the film tightly on drums or in any way distorting it
during processing or drying.

b. If the photographic organization desires to use any
speclal machines for developing or drying the film, it shall demon-
strate by tests made with contact prints of suitable grids that the
methods of the machine do not introduce distortions in excess of
#0.02 mm,

c. All splices shall be of a permanent nature and the
film shall not be trimmed closer than 8 imches from an exposed
negative.

2~-11. AEFRIAL FIIM ROLIS.

a. All exposures made on the projJect shall be retained
on the fllm rolls whether such exposures are acceptable or not. A
roll of film may be cut only to remove unexposed portions of the
film prior to processing or to place different projects into separ-
ate pleces of fllm. In either event, film shall not be trimmed
closer than 8 fnches from an exposed negative.

b. A roll of film is defined as that length of aerial
film exposed in a single magazine on a single proJject. Each roll
¢f film shall be given a number and these numbers shall start with
one and progress consecutively throughout the project.

¢. Short rolls of film may be spliced together for
spooling, but they shall not lose their identity as separate rolls.

7
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2-12, INDEXING AERJAL EXPOSURES.

a. The aerial negatives shall be mumbered and titled as
prescribed in the current issue of AF Regulations No. 95-T7 and in
addition, the aerial negatives shall be identified as "Shoran Con-
trolled."” The negative number shall be shown with figures 3/16 inch
high placed in the cormer of the negative 1/8 inch from the edges of
the image area, and shall be of sufficlent clarity for easy reading
when reduced five times. The remainder of the titling data shall
be shown with letters and figures that are as small as possible and
placed adjacent to the edge of the image area so as to obscure a
minimum of photographic detail.

b. Each roll of film shall have on the clear portion of
the film at each end, adjacent to the end exposures, so that it will
appear on a slightly oversized print, the following data: type and
serial number of the camera; type and serial number of the lens;
type and serial number of the oone; type and serial number of the
magazine; the project name; the mission number; the roll number;
and identity of all corresponding recording camera film.

c. The metal container for each spool of film shall be
labeled by affixing a form on which is given all data necessary to
identify completely the film contained therein.

d. The photographic agency shall prepare an index of
the photography by plotting the photo locations on an overlay
keyed to a small-scale map. The photographic index shall identify
and tabulate all recording camers film thet applies to the aerial
photography shown on the index.

e. Where reflights have superseded rejected photography,
the rejected photography shall be shown by a dash line and the
superseding photography shall be shown in the same manner as other
acceptable photography.

2-13. PRINTS. The photographic orgaflization shall prepare
one set of single-weight, glossy, contact prints for all exposures
made on the project. The prints shall be trimmed to the image edge
except that the edge containing the recorded data shall be trimmed
Just beyond these data. Special care shall be exercised in expos-
ing the prints so that all the recorded data are legible. The
prints may be dried as the photographic organization desires.
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Specification No.
28 September 1949

SPECIFICATIONS
FOR
SHORAN-CONTROLLED AERIAL PHOTOGRAPHY

SECTION III - TECHNICAL PROVISIONS
SHORAR

3-01. INSTALIATION. The error caused by the airborne antennas-
camera location relationship shall be less than 3 feet.

3-02. DISTANCE COUNTER READINGS. Manual readings of the dist-
ance counters shall be made at the ilnstant of exposure of an aerial
negative near the beginning and end of each mission and these values
shall be recorded and related to the aerlal exposures to which they
apply.

3-03. PIP ALINEMERTS. The deviations from the true pip aline-
ments during Shoran operations shall be held to an ahsolute minimm,

3-04. VELOCITY CORRECTIONS. Veloocity corrections shall be
computed from meteorological conditions at the time of operations
and furnished in the form of tables or curves. Accuracy of the
velocity correction shall be such that the Shoran distances may be
computed with an accuracy of at least 1 part in 100,000. Each
velocity correction shall be identified with the group of aerial
photographs to which it applies.

3-05. GROURD STATION DELAY CALIBRATION DATA. Complete
ground station delay calibration data shall be recorded and tabulated
in terms of round-trip distance time required for the Shoran pulse
to travel through the circuits of each ground station.

3-06. AIRBORNE ZERO READINGS. Airborne zero readings shall
be recorded at the beginning and end of each mission and whenever
Shoran operators are changed.

3-07. AIRBORNE TIMING FREQUENCY. The airborne timing fre-
quency shall be determined with an accuracy of at least 1 part in
100, 000. '

3-08. TIMING NON-LINEARITY CORRECTIONS. Timing non-linearity
corrections shall be furnished in the form of tables or curves.

3-09. SBORAN GROUND ANTENNA STATIONS. The geodetic control
stations and alternate stations are as glven on page la, SPECIFIC
PROJECT DATA. The Shoran ground antenna stations shall be located




168

at the geodetic control stations except as noted below. The ground
antenna stations may be moved from the location of the geodetic con-
trol stations to satisfy the radio reception requirements; such
movement shall be held to the minimum zonsistent with requirements.
The horizontal position of the ground antenna stations shall be
determined to an accuracy of 1 foot as referred to the nearest geo-
detic control station. The elevation of the antenna stations shall
be determined to within 2 feet as referred to the nearest bench mark.
Height of the antenna dipoles above the antenna stations shall be
determined to within 2 feet.

3-10. SHORAN OPERATIONAL LOG. A complete operational log
shall be kept of all occurrences that might have a bearing on the
accuracy of the operations.

3-11. RECORDING CAMERAS.

a. Synchronization. Synchronization of the recording
cameras with the aerial camera shall be such that the aircraft shall
not have moved more than 3 feet between rqlated exposures. The
number sppearing on the exposure counter oi the aerial camera and
on the exposure counters of the recording cymeras shall be identical
in all cases, or data shall be recorded equating the exposure numbers.

b. Shoran Distance Counter Recorder. The Shoran dist-
ance counter recording camera shall also record Greenwich Standard
Time, free air temperature, a compass showingjthe heading of the air-
craft, and exposure counter, an altimeter, anf s data
card. The data card shall correlate the Shoran distance dials with
Shoran ground stations, identify the photographic mission to which
it applies, and show the date.

c. Altimeter Recorder. The barometric altimeter in the
altimeter recorder shall be an Air Force type D-8 or equivalent.
The altimeter recorder shall record an exposure counter and may re-
cord the time.

d. Oscilloscope Recordsr. The oscilloscope recorder
shall be used on the project. The oscilloscope recorder shall re-
cord -an exposure counter and may record the time. .

e. Clocks. Data necessary for the synchronization of
all clocks‘photographed shall be recorded. Preferably, this should
be done by, detting all clocks to within 1 second before the take-off
and the sihultaneous recording of the time shown by all clocks im-
mediately before and after photographic operations. These data shall
identify thé devices to which each of the clocks apply.
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3-12. PROCESSING RECORDING CAMERA FILM. All recording camera
film shall be exposed and processed in such a manner as to assure
complete legibility of all data.

3-13. RECORDING CAMERA FIIM ROLILS. All recording camera rolls
of film should be cut and spliced so as to make the recording camera
film rolls correspond exactly to the aerial camera film rolls. All
splices are to be of a permanent nature.

3-14. INDEXING.

a. The roll numbers assigned to all recording camera
film rolls shall be identical to the aerial film roll to which it
applies. An identifying suffix shall be added to identify the
recorder data such as: 2D, 4A, and TS, roll 2, distance recorder
f£ilm; roll 4, altimeter recorder film; and roll 7, oscilloscope
recorder film,

b. All recording camera films shall be keyed to the
aerial film by having the project name, mission number, aerial film
roll number, and aerial film exposure numbers to which it applies
lettered onto the clear portion of film at each end adjacent to
the end exposure. The exact positions and elevations of the con-
trolling ground antenna stations also shall be lettered onto this
clear portion of the distance recording film. The recording
camera film shall be spooled with the aerial film to which it
applies.
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Table I. Velocity Correction, Values of Vy
Listed for Even 100-foot Incrememts of H ¢+ K

HeK (£} o000 100 200 300 400 500 600 700 800 900

5,000 | =¢1867 [ =¢180T | =o1747 | 1687 | =21628 | «o1568 | 1609 | 01449 | ~+1390 | =,133)
6,000 | 01272 | =01213 | =c1154 | ~o1096| =+1037 | =,0979 | «00920 | «,0062 | ~.0804 | =,0748
7,000 | =e0688 | «,0831 | =e0673 | =40516| =¢0458 | =e0401 | #e0344 | =,0287 | =,0230 | =01

8,000 | «¢0117] =,0060 | =«CO04 | $,0053| #C109 | $o0166 | $,0221 | $,0277{ $,0352 | #.C38
9,000 | (0444 L0499 <0554 ,0609] <0665 | 0719 <0774 .0829| .0884| .08

10,000 | 40993 +1047| 1101] .1185] .1209| .1263| .1317] L1370 J242¢] 24

11,000| .15%0| .1584) .1637| .1609| .1742{ .1795| .1848| .1900| .1953] .2008
12,000 | +2057| 2109 2161 .2213| 2265 .2317| .2368| .2420| 247 ] .2622
15,000 | <2573 | 42624 2675 | .2726] +2777| 2827 .2878| .2928 | .2979] .302s
14,000 | 3079 | o3129] 3179 .3228| 3278 3328 3377 <3426 3476 | 3625
15,000 | 3674 | o3623| 3672 3720 | 3769 | .3817| .3866| .391¢| .3962] .4010
16,000 | 4058 | .4108| 4154 | .4202| .4249 .4297| L4344 .4392| .4439| .4486
17,000 | 4533 | (4580 | 4627 | .4€73] 4720 | .4767| 44813 | .4859| .4905| .4952
18,000 | 44998 | 5044 | 5089 | .5135! <5181 | .5228] 5272 5317 .5362| 540
19,000 | .5452| o5497| .5542| .5687| .5632| .5676| 5721 | .5765| .5808 | .585
20,000 «5808 «59042 +5H986 +68029 «8073 «6117 «6160 6204 «6247 «8290
21,000 | €333 6377 .8420| .6462| 6605 | .6548] .6690| .6633| .6875| 678
22,000 | 6760 | .6802| .6844] .6886| .6928| .6970| .72012| .7053| .7095| 7136
23,000 | 7177 7219 o7260| 7301 | <7342 | 7385 .T42¢4| .7464| .7505| .75¢5
24,000 « 7586 +7626 « 7667 « 7707 «T747 « 7787 «7827 «7887 « 7908 « 7946
25,000 | 47986 .8025| +R065| .2104| .8143| .0182| .8221| .8260| .8299! .8338
26,000 | oB377| +8416] .8454 | ,2493| 8531 | 8569 .9607| .8646| .8684 | .872
27,000 | «876C | 48797 48835 .8873| 891C| .8948] .£985| .9023| .5060| .90
28,000 | 9134 | 9171 | .9208| .o245| .9282 | ,9318( .9355| .9391| .0428| .946
29,000 | 9501 | +9537] .9673| .9608| +9645| .0€81| .97M7| L9752 | .9788 | .s82
30,000 | +9859| o9895] <9930 | .9965| 1.0000 | 140035 | 1,0070 | 21,0105 | 1,0140 | 1,017
31,000 | 1,021C | 10245 | 1,0279 | 1,0314 | 1.0348 | 1,0382 | 1.0417 | 1.0451 | 1.0485 | 1.0815
32,000 | 140553 | 140687 | 1,0621 | 1,0655 | 1.0688 | 1,0722 | 1.0756 { 1.0789 | 1.0822 | 1.c856]
33,000 | 1.0889 | 1,0022 | 1.0965 | 1,0988 | 11021 | 11054 | 21087 | 1.1120 | 1,1153 | 1,1188§
34,000 | 141218 | 1,1250 | 141283 | 1,138 | 1,1347 1 1,1379 | 1.1411 | 1.1444 | 1.1478 | 1,150
35,000 | 141539 | 141571 | 141508 | 141634 | 1.1666 | 1.1698 | 1.1729 | 11760 | 1.1792 | 1.182
36,000 | 141854 | 1,1885 | 1,192€ | 1.1947 | 141978 | 1,2009 | 1.2040 | 12070 | 1.2101 | 1.22

37,00C | 142162 | 142152 | 142223 [ 142253 | 12283 | 1,2314 | 12344 | 1.2374 | 1,2404 | 1.24

32,000 | 12464 | 1,2493 | 142525 | 1.2653 | 1.2582 | 142612 | 1.2641 | 1.2671 | 1.2700 | 1.2729
39,000 | 162759 | 142788 | 142617 | 142846 | 1.2875 | 1,2904 | 1.2933 [ 1.2962 | 1.2990 | 13019
40,000 | 143048 | 143076 | 143105 | 143133 | 13161 | 143190 | 1,3218 | 1,3246 | 1,3274 | 1,330
Note: Enter the colum at left with H +« K to the nearest

1000 feet and move to the right for values to the

nearest 100 feet.
values for more accurate results.

Interpolate between the 100-foot
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Table

II. Velooity Correction, Values .0 Vp

|
rr ¥} 5000 | 10000 | 15000 | 20000 | 25000 | 30000 | 35000
1,000 | 40002 | +0002 | 40002 | 40002 | 40001 | 40001 | 40001
2,000 | «0008 | 40007 | 40007 | 40006 | +00CE | 40006 | 40006
3,000 | 0013 | 40017 | 0015 | 40014 | 40023 | L0012 | L0010
4,000 | «C032 | 40020 | «0027 | 40025 | 0028 | JCO21 | 40018
5,000 | 40050 | 40046 | 40043 | 42032 | 40036 | 40032 | 0029
6,000 | 40072 | 40067 | 40062 | «CO57 | 40051 | 40046 | <0041
7,000 | 40098 | 40091 | 0084 | 40077 | .0070 | .CO63 | (0056
8,000 | 0128 | 40119 | +0110 | .0101 | 40091 | 0082 | 40073
9,000 | 0162 | «0150 | +0139 | 40127 | (0116 | L0104 | (0093
10,000 | 4200 | 40186 | 40171 | 40157 | 0143 | 0129 | L0114
11,000 <0225 | 40207 | 40190 | 0173 | L0166 | ,0138
12,000 <0267 | 40247 | L0226 | 0206 | 0185 | L0165
13,000 «0214 | 40290 | 40266 | ,0242 | ,0217| 0198
14,000 <0364 | 40336 | 40308 | ,0280 | 0252 | (0224
15,000 0418 | 40386 | 0354 | (0322 | 0290 | 40257
16,000 +0439 | ,0402 | 0366 | ,0329 | 0293
17,000 «0495 | (0454 | 0013/ ;0372 | (0331
18,000 40555 | «0509 | 0463 | .0417 | 037
15,000 0619 | ,0567| ,0516 | ,0465 | L0413
20,000 +0686 | +c625 [ .0572 [ 0515 | L0458
21,000 <0693 | +0630 | 0568 | 0506
22,000 o076 | ,0892 | ,0623 | L0554
23,000 .0832 | ,0756 | 0681 | 40605
24,000 0905 | .0823 | ,0741 | (0669
25,000 .0982 | ,0893 | ,0804 | ,0T5
26,000 «0966 | ,0870 | (0774
7,000 .1042 | 0938 | 40834
28,000 .1121 | ,2008 | 0897
29,000 .1202 | (1082 | J0962
30,000 1286 | L1158 | J1c30
31,000 1257 | 41200
32,000 J1318 | 41172
33,000 01401 | 41248
34,000 01488 | (1323
35,000 41576 | 41402

L xdud




Table III. Velocity Correction, Values of 75
<+
g Nt
mi) 5000 | 10000 | 16C00{ 20000 | 250CJ | 30000 | 35000
40 «0001 | 0001 | 4000 | 40001 | 40001 | 42000 | «2000
50 «0001 | 40001 | «2001 | «0001 | #C201 | 40001 | 0001
€0 +0002 | 42002 | +0002| 42002 | 43002 | +000Y | <0001
70 0004 | +0N04 | #0003 42003 | 0003 | #00C2 | 40002
80 «0006 | +0005 | 40005 | 43004 | +0004 | +0003 | 40003
90 «C008 | 0008 | 40007} 40008 | «3006 | +0005 | 40004
100 #0012 | 49010 § +0009 | 40008 | 40008 | 40007 | 2006
112 «0016 | 40014 | 40013 | 40011 | 40010 | 40009 | +00O08
120 «0020 | +2018 | <3016 | 40015 | 42013 | 40012 | 40011
130 «0026 | #2023 | 0021 | 40019 | 40017 | (0015 | 40014
140 «J032 | 40029 | 40026 | 40024 | 0021 | D019 | 40017
150 «0040 | <0036 | 40033 | 40029 | 42026 | 40024 | (0021
160 00049 | 40044 | 7040 | 40036 | 40033 | 0029 | 40026
170 0059 | +0N54 | 40048 | 40044 | +0039 | +0035 | 40032
180 «J071 | «0064 | 40058 | 40052 | 40047 | 40042 | ,0038
190 #0084 | 40076 | «0069 | 40062 | 40066 | 40050 | 40045
200 «0099 | «0090 | 40081 | 40073 | 40066 | 40059 | «0053
210 «0105 | 40095 | 40088 | 40077 | 40069 | 40062
220 #0122 | 40110 | «0099 | 40089 | 40080 | 40072
230 «0141 | 0127 | +C115 | 0103 | +0093 | ,0083
240 «0162 | 40146 | 40132 | 40119 | L0107 | 0096
250 #0185 | «0167 | 40151 | 40136 | L0122 | 0110
260 #0190 1 40172 | 40155 | 40139 | 2125
270 0216 | 40195 | ,0176 | 0158 | 0142
230 «0244 | 40221 | L0199 | 40179 ] 40161
290 «0275 | 40249 | 40224 | 40202 | 40181
300 2309 | « 0279 | 40252 ( 40227 | 40204
310 +0313 | 40282 | «N254-) 40229
320 #0349 | 40315 | 40284 | 0256
X3¢ #0389 | o0Z52 { 40317 | 40285
340 o432 | 0391 | 40353 | 40317
360 «0430 | <0434 | 40392 | 40363
36C «0481 | 40434 | 40391
370 «0532 | 40480 | 40433
380 L 0587 | 0530 | 40478
3380 «06847 | 40685 | 40528
400 «0712 | 40644 | ,0531
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Table IV. Correction for Assumption No. 1
{8 (mi)] Be (ft)] BeK (ft) JHeK (ft) IBeK (ft)
160 32,946
170 27,436
180 24,797
190 23,409
200 22,696
210 22,398
220 22,380 46,808
230 22,563 37,971
240 22,897 33,913
250 23,353 31,752
260 23,907 30,595
27 24,546 30,021 42,874
280 25,257 29,836 33,933
290 26,034 29,926 36,808
300 26,869 30,221 35,657
310 27,759 30,677 35,104
320 28,6908 31,263 34,951 40,92
330 29,686 31,957 35,083 39,78
340 30,M9 32,743 35,432 39,2
350 31,795 33,610 35,949 39,12
360 32,913 34,549 36,604 39,29
370 34,072 35,563 37,374 39,68
380 35,271 36,617 38,242 40,2
390 36,508 37,737 39,195 40,96
400 37,783 38,908 40,224 41,7

les
;io-?» N 1.6 2.6 3.5
0 1.0 2.0 5.0 | 4.
Kote: Enter the table for the value of S and

observe between which colums the value
The correction can then
be found by going down the line between
the colums to the value given on the

of H « K lles.

bottom line.




